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ABSTRACT  
AIRUSE project is a LIFE+ project (LIFE11 ENV/ES/584, www.airuse.eu) dealing with improving air 
quality in Southern Europe, S-EU by upgrading source apportionment data to PM and suggesting air 
quality measures based on this information. Once the main source contributions to ambient levels of 
PM10 and PM2.5 are obtained, the strategic goal of the AIRUSE project is to develop, test and 
propose specific and non-specific measures to abate urban ambient air PMx in Southern Europe, 
targeted to meet air quality standards and to approach as much as possible the WHO guidelines.  

1. Source apportionment of PM10 and PM2.5 

1.1. The AIRUSE project produced the first harmonized dataset of PM10 and PM2.5 concentrations 
and composition for Southern European cities, taking into account one year (2013) and 5 cities: 
Barcelona (Spain), Porto (Portugal), Florence and Milan (Italy), and Athens (Greece). Special attention 
was paid to the harmonization of both sampling and analyses protocols: the same sampling calendar, 
sampling strategy and compositional analyses (leading to a full chemical characterization of the 
samples) were applied for all the cities, and redundancy of data allowed the data quality check by 
comparison of information obtained by different analytical techniques. Additional sampling was 
performed to deeply characterize Saharan dust intrusion events and to assess aerosol compositional 
variations with hourly resolution for shorter periods. 

1.2. The analysis of PM10 and PM2.5 time series of the 5 Southern EU cities showed PM levels 
decreased from 32 to 49% from 2001 to 2013. Also that the Industrial Emission Directives, the 
Directive on Large Combustion Plants and the EURO Directives had a very evident effect on the 
decreasing trends, also local measures but these were less pronounced.  

1.3. One of the main objectives of the AIRUSE LIFE+ project was to determine the aerosol sources 
affecting Southern Europe and to identify those of them leading to exceedances of the EU air quality 
limit values. Source apportionment studies are usually performed by means of statistical multivariate 
analysis, needing as input several data of aerosol mass concentration and composition, exploiting the 
fact that, despite transport and dilution processes occurring between the emission and the site of 
interest, aerosols maintain the “fingerprint” of the emitting sources. Two workshops were organized 
to harmonize and optimize the application of the chosen model and software (Positive Matrix 
Factorization, PMF, and EPA5.0) to the dataset of the 5 cities. 

1.4. The origin of PM2.5 was found to be 65-70% secondary in all urban background sites studied. 
Thus target for PM abatement should focus also on gaseous pollutants. 

1.5. Road traffic is unequivocally the most important source of PM10 (accounting for about 30% of 
mean PM10 levels at all sites) and often of PM2.5 (only in Athens and Barcelona the most important 
contribution to PM2.5 arises from secondary sulphate and organics). Results evidenced that road 
traffic accounts for 35-45% of PM during PM10 exceedance days. 9-33% of PM10 is contributed by 
local and road dust those days at urban at traffic sites. 

1.6. The second most important “source” of PM10 (20-26%) is secondary sulphate and organics at 
most sites. The relative importance of Secondary sulphate and organics is higher in PM2.5.  

1.7. Another important source of PM10 is Biomass burning (up to about 15% of annual PM10), 
although its contribution is highly site-dependent. In PM2.5, Biomass burning is the second most 
important source in Milan and Porto, and the third one in Florence and Athens, but negligible in 
Barcelona, where natural gas domestic heating is used in 98% of the homes. Biomass burning 
contributes 26-33% of PM2.5 during PM10 exceedance days in a number of cities.  

1.8. Other significant anthropogenic sources are Local dust, Industries (mainly metallurgy), secondary 
nitrate (emitted from multiple sources such as industries, shipping and power generation). In specific 

file://///161.111.220.15/Geogia.Manager/2012_LIFE_AIRUSE_XAVIER/AIRUSE_6_OPEN-FORUM/REPORTS%20EN%20DROPBX/versiones/www.airuse.eu
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cities, such as Barcelona industry still contributes with around 25% to PM10 and PM2.5 during 
exceedance days.  

1.9. Natural contributions consist of sea salt particles (relevant during in Porto) and Saharan dust 
(relevant in Athens). 

1.10. According the results, during the high pollution days, road traffic is the largest source of PM10 
and PM2.5 in most sites and Biomass burning is the second most important source at Florence, Milan 
and Porto. During those days, also Industrial emissions in Barcelona and Local dust in Porto are quite 
important. In Athens all the exceedances were due to Saharan dust intrusions.  

2. Biomass burning 

2.1. As part of action B4 on biomass combustion, a large volume of experimental work was carried 
out to obtain emissions factors of PM10 and PM2.5, as well as their chemical composition, including 
benzo[a]pyrene, for different biofuels and combustion technologies. Wood species widely used as 
biofuels in Southern European countries have been burned in different combustion equipment 
(fireplace, traditional cast iron stove and an eco-labelled stove). The emissions from these manually 
operated devices have been compared to those from an automatic pellet stove. In the pellet stove, 
besides four types of wood pellets, the emissions from the combustion of three agricultural fuels 
(olive pit, shell of pine nuts and almond shell) were also studied.   

2.2. Particle emission factors from the fireplace, traditional cast iron stove, eco-labelled stove and 
pellet stove were, respectively, in the following ranges: 312-1135, 149-703, 61-156 and 25-156 
mg/MJ biofuel burned (dry basis). Even the pellet stove, for most biofuels, did not meet the emission 
limits stipulated in countries where certification of combustion appliances is required (e.g. 35 mg/MJ 
for wood fuels and 25 mg/MJ for pellets in Austria; 27 mg/MJ in Germany). Among all the biofuels 
tested, only the pellets with ENplus quality certification, met these limits. Non certified pellets 
exceeded emission standards for this source set up in most member states. Similar differences were 
evidenced for BaP emissions. Also we evidenced extremely high values of As, Cr, Cu, Zn and Pb 
emission factors in non-certified commercial pellets from recycled industrial wood wastes. 
Accordingly we recommend in S-EU to certify not only the combustion appliances but also to allow 
the biomass combustion only of EN-Plus certified pellets; but also to avoid biomass burning in dense 
urban agglomerations. 

2.3. The application of depollution technologies, such as catalytic converters or electrostatic 
precipitators, to the flue gas from traditional appliances was found to be very problematic, due to 
incomplete combustions and high emissions of condensables. It was concluded that emission 
requirements for the eco-labelling of both small-scale combustion and pellets must be mandatory in 
all countries. 

3. Abatement of road dust emissions 

3.1. Road dust resuspension is an important source of PM in South European cities. AIRUSE LIFE+ 
provides the first comprehensive evaluation of measures aimed at mitigating road dust emissions in 
South Europe, where the different climatic conditions with respect to Northern Europe may influence 
the efficacy of measures such as Street washing (water only), Calcium Magnesium Acetate (CMA), 
Magnesium Chloride (MgCl2) and nano-polymers. Different kinds of environments were tested such 
as a typical urban road, an industrial paved road, an industrial unpaved road and urban park, where 
soil/sand resuspension can also enhance PM concentrations in air. 

3.2. Results show that for all the tested traffic roads, street washing resulted to be the most efficient 
measure, reducing PM10 concentrations in air by 7-10% and 18% during 24 hours at the urban and 
industrial paved road respectively, while >90% during 1 hour at the unpaved road. In the urban road 
the use of CMA or MgCl2 did not show efficacy, while at the industrial roads CMA showed lower 
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efficacy when compared to street washing with only water. The low or null effectiveness of CMA and 
MgCl2 in Southern Europe (in contrast with Central and Northern Europe) is attributed to the high 
solar radiation, rapid evaporation of road moisture of the Mediterranean climate and consequently 
to the lower capacity of CMA and MgCl2 to keep a high road moisture and bind road dust particles.  

 

3.3. The table below summarizes the efficacy obtained at each test, as well as the dosage and road 
dust loading observed.  

Source 
 

Location Dust loading Measure Dosage PM10 reduction Notes on measurement 

Road 
dust 

Urban 
paved road 

3-6  
mg/m

2
 

Street 
washing 

1 
L/m

2
 

7-10% on a 
daily mean 

kerbside 

CMA 
15-20 
g/m

2
 

Negligible kerbside 

MgCl2 
15-20 
g/m

2
 

Negligible kerbside 

Industrial 
paved road 

20-40 
mg/m

2
 

Street 
washing 

27 
L/m

2
 

18% on a daily 
mean 

kerbside 

CMA 
30-60 
g/m

2
 

8% on a daily 
mean 

kerbside 

Industrial 
unpaved 
road 

infinite 

Street 
washing 

3.5 
L/m

2
 

>90% up to 1 h downwind 

CMA 
100 

g/m
2
 

Not observed downwind 

Soil 
dust 

Public park infinite 
Nano-
polymer 

3 
L/m

2
 

-2.9 µg/m
3
 Inside the park 

3.4. Based on these results AIRUSE advices city authorities the use of a tandem operation, where the 
streets are first vacuumed-swept and then washed with water (>1 L/m2), since street sweeping alone 
resulted ineffective in reducing PM concentrations in the short term. Street washing (preferably non-
drinking water) should be carried out during the earliest morning hours (5-6 am) due to the relatively 
short duration of street washing effect (50% efficacy lost after 8 hours). The calendar and frequency 
of street washing should be optimized based on meteo (warm, dry and high pressure conditions 
should be priorized) and also African dust intrusion forecast which may increase considerably road 
dust loadings on street surfaces.  

3.5. For urban unpaved areas such as public parks, unpaved parking lots and access to construction 
sites, the use of the tested nano-polymer is recommended. As shown in Barcelona, the application of 
a 3 L/m3 dosage was found to reduce PM10 levels within the park by 11%.  

4. Industrial emissions 

4.1. The air quality studies carried out in the AIRUSE cities include primary and secondary PM 
contributions. The results from the source apportionment study revealed that the total industrial 
contribution to ambient PM10 and PM2.5 exceeded 20% of the annual ambient air concentrations in 
most cases due to the secondary PM contributions. Further efforts are therefore needed to abate 
primary emissions, but also emissions of precursor gases, from the industrial sectors. 

4.2. Fugitive (non-channelled emissions) might be very relevant in S-EU and in emission inventories 
these are usually neglected. We calculated possible emission rates and supplied methodology to 
determine appropriately these emissions, as well as other recommendations of BATs adjusted to the 
type of industry of each city.  

4.3. The identification of the industrial activities profile and the quantification of primary particulate 
matter (PM) emissions (from channelled and diffuse sources), together with the results from the 
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contribution to ambient PM of these sources, are of great help in identifying how current PM 
mitigation measures can be improved.  

4.4.  In the metropolitan areas of the AIRUSE cities, the most PM10 and PM2.5-emitting sectors are, 
respectively, as follows: in Porto (energy (29.0% and 31.7%), metals production and processing 
(28.6% and 25.9%), and paper and wood production and processing (19.2% and 22.9%)); in Barcelona 
(mineral industry (34.9% and 46.6%), metals production and processing (21.9% and 26.6%), and 
harbour (23.7% and 4.3%)); in Florence (concrete manufacturing, silver processing and biomass co-
generation (65.1% and 54.6%) and metals production and processing (32% and 42.1%)); and in Milan 
(minerals (41.0% and 39.6%) and metals production and processing (28.8% and 26.0%)). 

4.5. To overcome the common weaknesses found in the industrial activities and PM emissions inventory, the 
following general recommendations are proposed:  

- Updating the list of industrial activities: Reporting and monitoring of the activities covered by 
the Industrial Emissions Directive (IED), and above all of the non-IED activities, still constitute an 
important challenge. In port cities, it is considered essential to include the emissions from 
shipping and port activities. 

- Extending the information in public inventories such as the E-PRTR. The aim is to improve 
environmental transparency and facilitate mitigation action proposals.  

- Improving diffuse emissions data. The available emission factors in the standard databases, such 
as the EMEP/EEA or AP-42, do not appropriately reflect PM diffuse emissions in different 
industrial sectors. 

- Improving the regional inventories of PM industrial emissions. To develop realistic air quality 
plans on a regional level, a bottom-up approach that includes diffuse emissions needs to be 
applied. 

- Harmonising the key control parameters between air quality (PM10 and PM2.5), atmospheric 
emission limit values (total suspended particles, TSP), and the E-PRTR (PM10). More information 
needs to be provided on PM10/TSP, PM2.5/TSP ratios for the different industrial activities. 

- Organising awareness-raising activities especially for industrial sectors.  
- Application of strategies to reduce the emission of gaseous pollutants considered to be 

precursors of secondary PM and heavy metals of high volatility. 

5. Evaluation of effectiveness of air quality measures 

5.1. We elaborated detailed scientific reviews on the effectiveness of air quality measures applied by 
Northern and Central EU member states. We produced recommendations for each of these topics. 
To this end we elaborated 10 reports that might be downloaded in the AIRUSE LIFE+ web site. These 
are: 

- Street cleaning; 
- Dust suppressants; 
- Low Emission Zones; 
- Discourage diesel cars; 
- Encourage use of EVs, HEVs and gas vehicles; 
- Eco-efficient car labels; 
- Traffic NOx abatement measures; 
- Shipping; 
- Biomass burning; 
- Agricultural and domestic sectors: and 
- Air quality/climate change synergies/interferences. 
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5.2. The main conclusions from these reviews are presented below. 

- Low Emission Zones: There are over 200 low emission zones (LEZs) in the EU. It appears that the 
German LEZs, which place restrictions on cars, vans and heavy duty vehicles, may have reduced 
PM10 and NO2 annual mean concentrations by a few percent. Elsewhere, where typically only 
heavy duty vehicle are restricted, there is no clear evidence that they have reduced PM or NO2 

concentrations, although some have reduced carbonaceous particles. Local traffic contributes a 
higher proportion of these particles than PM10 or PM2.5 and therefore identifying the positive 
impact of a LEZ in these particles is easier. 

- Diesel cars: Diesel cars account for over 70% of new cars sold in some European countries. 
There is no simple relationship between fiscal incentives and the proportion of new diesel cars 
sold. Other economic and political influences affect new car purchase in Member States 
differently. Those with the lowest percentage of diesel cars tend to be where the industry has 
relatively little influence and/or there are long term policies to promote other automotive fuels 
or to be fuel neutral.  

- Promoting Electric vehicles, Hybrids and Gas Vehicles: There are very few electric vehicles, 
plug-in hybrid and gas vehicles in use in the EU and this is unlikely to change until the cost of 
these vehicles is at least equivalent to conventionally fuelled vehicles, and even then it will take 
some time for consumer acceptance to grow. Only those countries with a long term and 
consistent incentive programme have greater than 5% new-market share of non-conventional 
vehicles. Effective policies include non- fiscal measure such as preferential parking such and 
allowing these vehicles to drive in bus lanes in areas of significant congestion.  

- Eco-labels: There is some evidence that emission-based car labels, accompanied by a public 
education campaign, can influence car purchase decisions.   It is recommended that a series of 
vehicle eco-labels be developed and implemented for use across the EU using the well-
recognized domestic appliances label. These should include both new and used vehicles and 
should take account of NOx, PM and CO2 emissions, with no weighting in favor of a single 
pollutant.   

- Road cleaning and dust suppressants: In northern and central Europe there is evidence that 
street washing, either alone or in combination with sweeping, can reduce ambient PM10 
concentrations where road dust loadings are particularly high.  Dust suppressants applied to 
road surfaces have been shown to be effective at reducing ambient PM10 concentrations. 
However, AIRUSE has undertaken the first study of the efficacy of dust suppressants in southern 
Europe and found no evidence of an effect. The high solar radiation may reduce the efficiency of 
dust suppressants on paved or unpaved roads.  

- Vehicle NOx abatement technologies: We evaluated real life emission data of EURO6 and 
EUROVI vehicles as well as the efficiency of NOx abatement measures for vehicles in real life 
driving conditions and we recommend at the end ‘Low NOx SCRT’ systems with suggested NH3 
emission values. It seems that in real world urban driving conditions EURO 6 diesel passenger 
cars reduced emissions with respect to EURO 5 and 4. However, it seems also evident that these 
are still 3 to 5 times higher than the approval test certifications. It seems also that there is a 
huge variability of this ratio among different manufacturers. 

- Abatement of shipping emissions: SOx emissions have started to be controlled and there is 
some evidence that ambient concentrations of SO2 have reduced as a consequence in SECAs and 
EU ports. The S content of marine fuels will reduce globally to 0.5 % in 2020 (or 2025 subject to a 
review of fuel availability), however this is two orders of magnitude higher than that permitted 
for land-based transport. Low S fuels enable catalyst based abatement systems to work most 
effectively, however production of these fuels increase the energy use in the refinery. If IMO 
continues to allow wet scrubbers to be used as an alternative to reducing fuel S controlling NOx 
emissions is likely to be difficult and the fuel economy benefits of SCR will not occur. The IMO 
Tier I and Tier II NOx limits will do little to reduce overall NOx emissions from ships in the short 
term as they only apply to new or reconditioned engines. Vessels meeting the more stringent 
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Tier III limits are only mandated for the NECAs and there are currently no NECAs in Europe.  As 
Tier III NOx emission control systems can be by-passed when outside a NECA NOx emissions may 
increase in Europe as shipping increases in the future. This will depend on how quickly fuel 
consumption for ships reduces and the uptake of alternative fuels, particularly LNG. The 
European SECAs are in northern Europe. There is a case for designating the Mediterranean Sea a 
SECA, but it is likely to be politically difficult to get agreement among all the nations with a 
Mediterranean coastline for an SECA covering the whole sea.  From 2020 the S limit in marine 
fuel will be 0.5 % throughout the EU and in EU ports it is already 0.1 %, and therefore a 
significant reduction in emissions of almost 80 % will occur anyway. However due to the 
anticipated increase in shipping, emissions will grow in the future in the absence of further 
control, and therefore a SEAC within the EU territorial waters may be the best pragmatic 
solution, i.e. possible to get agreement on within IMO. There are a wide range of measures 
available to reduce SOx, NOx and PM emissions, but their adoption will only be driven by 
legislative or fiscal drivers. Due to the international nature of shipping regulations need to be 
agreed either within the EU or IMO and the adoption of regulations within these institutions is a 
long slow process. This includes the designation of SECAs and NECAs, which have to be agreed 
by IMO. There are some local measures which can be introduced to reduce emissions. Ports can 
invest in shore based power to reduce SOx, NOx and PM emissions from berthed ships; 
emissions differentiated port duties and fairway dues can be used to encourage investment in 
emission abatement; and local restrictions can be introduced.  

6. Natural contributions 

6.1. The major natural sources affecting ambient air quality in Europe are: wind-blown desert dust, 
wind-blown sea water which evaporates in the atmosphere releasing sea salt, volcanic activity, 
wildfires and biogenic sources (such as plants and trees). These sources are often underestimated 
but may contribute significantly to PM mass concentration levels, depending on the geography and 
climate of the studied areas. AIRUSE project has assessed the effect of sea salt, desert dust 
transported to Europe from Africa and forest fires on the PM concentration levels measured the five 
study cieties. 

6.2. Sea salt and desert dust contributed more to PM10 than PM2.5 concentrations, indicating that 
related natural aerosol is found in the larger particle sizes. The mean annual contribution of sea salt 
to PM10 concentration ranged from 3-13%. The highest levels were observed at the Atlantic site 
(Porto), followed by the Mediterranean coastal sites (Barcelona & Athens). Much lower 
concentrations were found at the inland Italian cities (Florence & Milan).  

6.3. Long range transport of desert dust from Africa affected mainly Athens, Florence and Barcelona. 
Mean annual dust contributions to PM10 concentration were in the range 1-14%. The highest impact 
was detected in Athens where dust outbreaks lead to peak PM10 concentrations up to 145μg/m3,  
greatly surpassing the daily limit value set bu EU (50μg/m3). Significant forest fires were registered 
only in Porto during the AIRUSE campaigns, in August and September 2013.  

6.4. Wildfire contribution was on average around 10 μg/m3 for a few days with a marked influence of 
this source in ambient PM10 levels in Porto, reaching up to 14 μg/m3 and contributed by 14% to 
PM10 and 16.5% to PM2.5 mass concentrations.  

6.5. Extreme PM concentrations may adversely affect human health, even when related to natural 
sources. Since these sources cannot be controlled, all related mitigation measures may only focus on 
minimizing the effects of this type of pollution. Control strategies should include measures to reduce 
the resuspension of dust particles deposited on the streets and other surfaces, such as (i) 
systematically clean streets and pavements after intense African dust transport events; (ii) reduce 
free surfaces where particles may accumulate and easily resuspend.; (iii) increase urban vegetation 
and trees which settle out, trap and hold particles and prevent further resuspension of local soil dust. 
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In addition, short action plans for the days when extreme dust events are forecasted should be 
implemented, including: (i) an alert system targeted mainly to sensitive population subgroups 
(people suffering from asthma or other respiratory or cardiovascular disease, elderly and children); 
(ii) preventive actions to protect public health, such as staying indoors, avoiding physical activities 
outdoors or possible need for extra use of asthma medication during dust outbreaks. 

7. Final recommendations 

Based on the results of the above #1 to #7 actions we produced a detailed list of recommended air 
quality measures (classified in priorities according source apportionment results and efficacy 
evaluation) for each city. These are summarised in section 9 of this report. 
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1. THE AIRUSE LIFE+ PROJECT 

AIRUSE project is a LIFE+ project (LIFE11 ENV/ES/584) dealing with improving air quality in Southern 
Europe by improving source apportionment data to PM and suggesting air quality measures based on 
this information.  

Atmospheric PM concentrations and source contributions vary widely across Europe due to different 
climatic conditions and local features (anthropogenic sources types, emission rates, dispersion 
patterns, low rainfall and high insolation in some areas). Furthermore, natural contributions such as 
biogenic (primary and secondary) aerosols, Saharan dust intrusions, sea salt and forest fires impact 
differently on ambient air PMx levels from one region to another. 

The AIRUSE LIFE + goal is to characterize the similarities and heterogeneities in PM sources and 
contributions across the Southern Europe in view of adequately assessing air quality measures. To 
this end PMx source apportionment is applied in a harmonized way in 5 southern European cities 
along 2013 and the beginning of 2014. Once the main source contributions to ambient levels of 
PM10 and PM2.5 are obtained, the strategic goal of the AIRUSE project is to develop, test and 
propose specific and non-specific measures to abate urban ambient air PMx in Southern  Europe, 
targeted to meet air quality standards and to approach as much as possible the WHO guidelines. 

The AIRUSE’s specific objectives may be summarized as follows: 

 Obtaining harmonized source contributions to PM10 and PM2.5 for AIRUSE cities and to identify 
those responsible for exceedances of the PMx limit values and WHO guidelines. 

 Developing, testing and proposing cost-effective air mitigation measures for South European 
countries. 

 Support adaptation of control strategies for reducing PMx exposure in Southern Europe 

The specific PM mitigation measures experimentally analysed are:  

 Road dust and other road traffic-related emissions (street washing & dust suppressants for road 
dust, soil dust and deposited African dust).  

 Biomass burning (use of different biofuels, combustion technologies, and secondary technologies 
such as catalyst converters and filters in biomass burning systems) 

Furthermore based on the source apportionment results, the following reviews on efficiencies of air 
quality measures are carried out: 

  Industrial emissions (Best Available Techniques for channeled and fugitive emissions for the 
specific sectors present in the 5 cities) 

 Adaptation of road traffic mitigation strategies from other European countries (LEZ, limit the 
growth of diesel cars, incorporate electric, hybrid, gas vehicles, selection procedure of eco-
efficient vehicles) 

 Shipping emissions 

 Biomass burning measures applied in Central and Northern Europe 

 Positive and negative feedbacks between climate and air quality actions. 

AIRUSE is devised in order to integrate a number of actions or tasks (Figure 1), from which action A 
covers preparatory actions; B covers all technical and scientific activities of the project; C includes 
implementation actions; D focuses on the communication and dissemination actions, and E centers 
on managing and reporting. 
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Figure 1. AIRUSE actions, content and structure. 

 
These actions are carried out in a coordinated manner with a consortium structure made of 7 
partners from 5 countries (Figure 2). 

 
Figure 2. AIRUSE-LIFE+ partners and managing structure. 
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2. TREND ANALYSIS  (ACTION B1) 

2.1. 2002-2012 AQ trends in Spain 

The results of this task have been published in a peer review scientific journal (Querol et al., 2014. 
2001–2012 trends on air quality in Spain. Science of the Total Environment, 490, 15, 957-969). Here 
we present a summary of the main results. 

Marked 2001-2012 downward concentration trends for ambient levels of PM10, PM2.5 and CO in 
industrial (IN), urban background (UB), traffic (TR) and regional background (RB) sites of Spain are 
reported (Figures 3 and 4). Concentrations of NO2 also declined but much less than for the other 
pollutants (Figure 3). Concentrations of O3 were stable for RB sites, whereas these increased at the 
IN, TR and UB sites (Figure 3). 

The beneficial effect on air quality of implementing specific major European policy actions on 
industrial and power generation emissions was evidenced. Also the effect of the EURO emission 
standards is reported.  

In Central Spain a progressive downward trend of ambient RB PM2.5 was evidenced (Figure 4). In the 
other regions of Spain the downwards trends of PM2.5 at these RB sites evidence the influence of 
both the road traffic (progressive downwards trend) and industrial (sharp changes in 2007-2008) 
emission reduction of both primary PM10 and PM2.5 and gaseous precursors of secondary PM 
(Figure 4). 

The smooth decline in NO2 levels (Figure 3) is mostly due to the low efficiency of the above policy 
actions and emission standards for NO2. This low NO2 decrease, together with the complex O3 
formation, is responsible for the constant O3 concentrations, or even the urban increase, in the last 
years (Figure 3).  

The financial crisis has also contributed to decrease ambient concentration of pollutants; however 
this caused a major 2008 to 2009 decrease of the national energy demand (and consequently of 
emissions, Figure 5), and 2007 to 2008 when a sharp decrease of ambient air PM and SO2 was 
evidenced (Figures 3 and 4). According an iNAO analysis, the meteorological influence was 
characterized by a 2008-2012 period very favorable to the dispersion of pollutants when compared 
to the 2001-2007 weather conditions. A low iNAO yielded to higher dispersive conditions, but also 
simultaneously the higher rainfall resulted in the growth of hydroelectric production and the 
historical minimum of coal consumption (Figure 5). This yielded to the very low air pollution recorded 
in 2010. 

Taking into account all the above discussion on time trends of levels of atmospheric pollutants, the 
national emission inventory and energy consumption indicators, on the major policy actions on 
atmospheric emissions and on the meteorological scenarios, the observed decreasing trends of 
pollutants can be explained based on the following factors: 

 The implementation of European directives affecting industrial and power generation emissions 
(such as the Large Combustion Plants and the IPPC & IED Directives), and sulfur content in fuels 
(whether used on ships and road traffic), among others, produced a significant reduction of SO2, 
and NOx in a lesser extent, emissions, and therefore an associated reduction of secondary PM 
(mainly ammonium sulfate and nitrate). This, together with the sharp 2007-2008 decrease on 
coal-based energy production (Figure 5) would have likely been the cause of the sharp decline 
observed for SO2, NOx and for PM2.5 concentrations (and emission inventories in the case of the 
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two gaseous pollutants, Figures 3 and 4) during 2007-2008 (47% of the PM2.5 decrease being 
attributed to ammonium sulfate in the Montseny RB site). Although the coal energy production 
increased in the last 3 years, the implementation of FGD systems accounted for the maintenance 
of SO2 at low concentrations, even in the coal production regions (Northwestern sector: Sav, Nie, 
Peñ EMEP sites in Figure 3).  

 Also the effect of the EURO 4 and 5 standards on decreasing emissions of PM and CO from 
vehicles is noticeable, since filter traps are required for new diesel cars since 2005. This is 
supported by the progressive downward trends observed for the road transport sector in the 
national emission inventories for PM10, PM2.5 and CO (Figure 1). In Central Spain, where 
industrial emissions are reduced, the progressive downward trends of ambient PM2.5 (Figure 4) 
concentrations recorded at the EMEP sites follows the same pattern than those of the emissions 
from the road traffic sector in the national emission inventories (Figure 3). In the other regions of 
Spain the downwards trends of PM2.5 at these RB sites (Figure 4) evidence the influence of both 
the road traffic (progressive downwards trend, Figure 3) and industrial (sharp changes in 2007-
2008, Figure 3) emission reduction of both primary PM10 and PM2.5 and gaseous precursors of 
secondary PM. 

 One national (Plan Aire from the Government of Spain), 45 regional and 3 local action plans 
implemented to improve AQ applied in most regions and cities might also account for a 
local/regional decrease of SO2, SO4

2- and PM2.5 concentrations. An example is the 2007 ban 
around Barcelona on the use of heavy oils and petroleum coke for power generation, or the 2008-
2012 implementation of SCRT (continuously regenerating PM traps with selective catalytic 
reduction for NO2), hybridization and shift to natural gas engines of the bus fleet of this city. 

 The financial crisis, whose impact on industrial production and use of fuels is evident since 
October 2008. As shown by Figure 5, the main decrease of primary energy consumption was 
evidenced from 2008 to 2009, and not from 2007 to 2008 when a sharp decrease of ambient air 
PM and SO2 was evidenced. 

 The meteorological cycles, which were characterized by a 2008-2012 period very favorable to the 
dispersion of pollutants when compared to the 2001-2007 weather conditions. This was described 
by Cusack et al. (2012), evidencing a high iNAO during 2001-2007, while in 2010 the iNAO was the 
most negative of the last 150 years. When the iNAO is negative (less pressure difference between 
the anticyclone and the depression), fronts can sweep the Iberian Peninsula from west to east, 
with a lower chance of influence for African air masses. However, when the iNAO is positive, 
major episodes of atmospheric stagnation and a greater African dust influence can occur. 

 The smooth decline in NO2 levels, mostly due to the low efficiency of EURO 4 and 5 standards in 
reducing real life urban driving NO2 emissions. The dieselization of the fleet has also contributed 
to increase NO2 emissions and reduce those of CO. 

 This relatively low decrease of NO2, together with the complexity of the reactions of O3 formation 
(with the intervention of natural VOCs and insolation in the process), may be responsible for the 
very soft change on O3 concentrations in the last 12 years (Figure 3). 

The results demonstrate a clear beneficial effect of environmental policies on air quality in recent 
years. However, for specific pollutants, such as O3 and NO2 EC target and limit values are still 
exceeded. To meet these values and the WHO guide levels important actions are still required for the 
next decade. We also would like to highlight that the interpretation of past air quality trends may 
yield very relevant results for planning further cost-effective actions. 
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Figure 3. Time trends of annual mean concentrations of SO2, NO2, PM10, PM2.5, CO and O3 at Traffic, 
Urban Background and Industrial and Regional Background sites. Spanish national emission 
of SO2, NOx, PM10, PM2.5 and CO from different sectors (in Mg). Map with the location of 

the AQ monitoring sites whose data series have been used for this study 
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Figure 4. Mean time trends of annual PM2.5 concentrations at EMEP sites grouped by geographic 
sectors across Spain. 

 

Figure 5. Annual (2001-2012) energy consumption for Spain (in million tones equivalent oil). Data 
from the Spanish Ministry of Environment (MAGRAMA, 2013). The two right graphs illustrates 

specific energy consumption data multiplied by 10x and 5x North Atlantic Oscillation index 
(iNAO) to modulate energy consumption by meteorological factors. 
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2.2. 2003-2014 trends on PM10 and PM1 source apportionment in Barcelona 

By applying PMF5 receptor modelling to PM10 (2003-2014) to PM1 (2005-2014) speciation data sets, 
seven factors were identified in both PM10 and PM1 fractions as vehicle exhaust, road dust, 
secondary nitrate, secondary sulphate, mineral (including the Saharan dust contribution in PM10), 
heavy oil combustion and metallurgy processes. An eighth factor detected in PM10 was an aged sea 
salt factor, not detected in PM1 given that this source mainly contributes to the coarse PM mode 
(PM1-10).  

All source contributions showed statistically significant decreasing trends (Figure 6) with the 
exception of the marine contribution to PM10 which did not show any significant trend in agreement 
with the lack of trend observed for sodium. Temporal trends were analysed by means of the Theil-
Sen method (Theil, 1950; Sen, 1968), available in the Openair software (Carslaw, 2012; Carslaw and 
Ropkins, 2012). The method was applied to the monthly averages to calculate the regression 
parameters of the trends including slope, uncertainty in the slope and the p-value. Data were 
deseasonalized. The applied method yields accurate confidence intervals even with non-normal data 
and it is less sensitive to outliers and missing values (Hollander and Wolfe, 1999). All the regression 
parameters were estimated through bootstrap resampling. The slopes indicate how concentrations 
have changed through time and are expressed in units (µgm-3). The p-values show whether the 
calculated trends are statistically significant. A statistically significant trend was assumed as p<0.05, 
meaning that there was a 95% chance that the slope was not due to random chance. A highly 
statistically significant trend was assumed as p<0.001. 

Some clear points can be concluded after considering the results here described: 

 PM10 concentrations have been decreased progressively since 2008, showing relatively low 
concentrations from 2010 to 2014. Varying from 40-48 µg/m3 in the initial period to 30-22 µg/m3 
at the end (Figure 6). 

 The variations of PM1 did not follow those of PM1-10 during 1999-2010 whereas after 2010 both 
follow similar patterns. Thus PM1 increases from 2003 to 2007 and both PM1 and PM1-10 
decreased from 2007 to 2014. 

 Total carbon (TC) concentrations have decreased since 2008. This can be driven by several 
reasons including: i) the effect of Euro 4 and 5, ii) the ban on using petcoke or fuel oil for power 
plants since the implementation of the 2007 Regional AQ Plan, iii) the economic crisis. 

 Nitrate concentrations have been decreasing since 2008 until now, this being attributed to the 
lower power generation due to the economic crisis, but also to the implementation of SCRT, the 
hybridization and shift to natural gas engines of the Barcelona´s bus fleet and the slight decrease 
in traffic flow in Barcelona (c. 12% since 2007). 

 Sulphate concentrations show a marked decrease during 2007 and 2008, which kept falling 
through 2009-2014, attributed to the 2008 implementation of the LCP Directive and the 2007 
Regional AQ Plan on the use of heavy oils and petroleum coke in power generation. This descend 
has influenced significantly the decrease of bulk PM concentrations. 

 The lower construction activity due to the economic crisis together with the modification on the 
handling protocols for waste products generated in construction and demolition works may be 
responsible for the decrease in coarse Ca, Al and K concentrations. 

 Fine K concentrations, attributed to biomass burning emissions, do not show any clear trend, 
indicating that there were no significant changes in this activity during the period considered. 

 The decrease observed for Pb concentrations from 1999 to 2003 is attributed to the ban of Pb-
bearing gasoline. 
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 After 2003, the decrease observed for Cu, Sb, Mn, Pb, Zn, Cr, and Cd may be related to a descend 
on the emissions from industrial production (smelters). The implementation of the IPPC Directive 
is the most probable cause of this downward trend. 

 Vanadium concentrations decreased from 2007-2008, being attributed to the 2007 ban on the use 
of heavy oils and petroleum coke in power generation. 

 All source contributions from PMF analysis showed also statistically significant decreasing trends  
with the exception of the marine contribution to PM10 which did not show any significant trend 
in agreement with the lack of trend observed for sodium (from sea salt). 

The results demonstrate a clear beneficial effect of environmental policies on air quality in recent 
years. However to meet target and limit values and WHO guide levels important actions are still 
required for the future. We also would like to highlight that the interpretation of past air quality 
trends may yield very relevant results for planning further cost-effective actions. 

 

Figure 6. Temporal trends of PM10 and PM1 source contributions from PMF analysis. P-value: degree 
of statistical significance. ***: p<0.001. Variations expressed as mass (µgm-3) per year, 

including minimum and maximum ranges. 
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2.3. PM10 trends in the AIRUSE cities 

Figure 7 shows the clear PM10 downwards trends recorded at all the air quality monitoring sites of 
the 5 metropolitan areas studied in AIRUSE. Thus, BCN-MA and POR-MA, the downwards trends 
were evident since 2005-2006 and these cities recorded averaged decreases on both PM10 annual 
means and 90.4 percentile values ranging from -49 to -45% form the period 2000-2005 or 2000-2006 
to 2013. Similar trends were evidenced for MLN-AGG and FI-AGG, but with sensibly lower decreases, 
-34 to -29%. For ATH-GAA this decrease was gradual from 2001 to 2013 and reached -32 and -29%. 

 

BCN-MA 

 Mean of 69 µg/m3 for the 90.4 PM10 percentile value of all the monitoring sites of the BCN-
MA (AQZ-1) in 2000-2006 and a progressive decrease down to 34 µg/m3 in 2013, accounting 
for a decrease of -49%. 

 Mean of 47 µg/m3 for the PM10 annual averages at all the monitoring sites of the BCN-MA 
(AQZ-1) in 2000-2006 and a progressive decrease down to 24 µg/m3 in 2013, accounting for a 
decrease of -49%. 

FI-AGG 

 Mean of 63 µg/m3 for the 90.4 PM10 percentile value in 2000-2007 for the 2 monitoring sites 
of the FI-AGG with continuous records and a progressive decrease down to 45 µg/m3 in 2013, 
accounting for a decrease of -29%. 

 Mean of 41 µg/m3 for the PM10  annual average values in 2000-2007 for the 2 monitoring 
sites of the FI-AGG with continuous records and a progressive decrease down to 27 µg/m3 in 
2013, accounting for a decrease of -34%. 

POR-MA 

 Mean of 81 µg/m3 for the 90.4 PM10 percentile value in 2000-2005 for all the monitoring 
sites of the POR-MA and a progressive decrease down to 44 µg/m3 in 2013, accounting for a 
decrease of -45%. 

 Mean of 46 µg/m3 for the PM10  annual average values  in 2000-2005 for all monitoring sites 
of the POR-MA and a progressive decrease down to 25 µg/m3 in 2013, accounting for a 
decrease of -46%. 

ATH-GAA 

 Mean of 80 µg/m3 for the 90.4 PM10 percentile for all the monitoring sites of the ATH-GAA in 
2001 and a progressive decrease down to 57 µg/m3 in 2013, accounting for a decrease of -
29%. 

 Mean of 51 µg/m3 for the PM10  annual average values for all monitoring sites of the ATH-
GAA in 2001 and a progressive decrease down to 37 µg/m3 in 2013, accounting for a 
decrease of -32%. 

MLN-AGG 

 Mean of 96 µg/m3 for the 90.4 PM10 percentile for all the monitoring sites of the MLN-AGG 
in 2000-2006 and a progressive decrease down to 68 µg/m3 in 2013, accounting for a 
decrease of -29%. 

 Mean of 51 µg/m3 for the PM10  annual average values for all monitoring sites of the MLN-
AGG in 2000-2006 and a progressive decrease down to 34 µg/m3 in 2013, accounting for a 
decrease of -32%. 
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Figure 7.  2000-2013 trends for annual means and percentile 90.4 value of PM10 in the different air quality monitoring sites of the 5 AIRUSE cities. 
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3. HARMONIZED SOURCE APPORTIONMENT IN SOUTHERN EUROPE  (ACTION B2) 

The AIRUSE project produced the first harmonized dataset of PM10 and PM2.5 concentrations and 
composition for Southern European cities, taking into account one year (2013) and 5 cities: Barcelona 
(Spain), Porto (Portugal), Florence and Milan (Italy), and Athens (Greece) (Figure 8). Special attention 
was paid to the harmonization of both sampling and analyses protocols: the same sampling calendar, 
sampling strategy and compositional analyses (leading to a full chemical characterization of the 
samples) were applied for all the cities, and redundancy of data allowed the data quality check by 
comparison of information obtained by different analytical techniques. 1047 PM10 and 1116 PM2.5 
filter samples were collected simultaneously at the 5 cities and chemically analysed following similar 
protocols (Figure 8). Additional samplings were performed to deeply characterize Saharan dust 
intrusion events and to assess aerosol compositional variations with hourly resolution for shorter 
periods. 

 

 

Figure 8. Location of the AIRUSE monitoring sites for the source apportionment study and details of 
the sampling and analytical procedures. 

 

One of the main objectives of the AIRUSE LIFE+ project was to determine the aerosol sources 
affecting Southern Europe and to identify those of them leading to exceedances of the EU air quality 
limit values. Source apportionment studies are usually performed by means of statistical multivariate 
analysis, needing as input several data of aerosol mass concentration and composition, exploiting the 
fact that, despite transport and dilution processes occurring between the emission and the site of 
interest, aerosols maintain the “fingerprint” of the emitting sources. Two workshops were organized 
to harmonize and optimize the application of the chosen model and software (Positive Matrix 
Factorization, PMF, and EPA5.0) to the dataset of the 5 cities. 

1047 PM10 samples
1116 PM2.5 samples
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Figure 9 and Table 1 show the annual average sources contributions in simplified pie charts, where 
similar sources are combined in fewer categories (e.g. traffic). Figure 10 and Table 1 show the charts 
only for high-pollution days (above a specified PM10 threshold). Road traffic (as the sum of vehicle 
exhaust, vehicle non-exhaust and traffic-related secondary nitrate) is unequivocally the most 
important source of PM10 (at all sites) and PM2.5 (at MLN-UB, FI-UB, and POR-TR) while for PM2.5 at 
ATH-SUB and BCN-UB it is the second most important after Secondary sulphate and organics (which 
however does not identify one specific source and likely receives significant transboundary 
contribution). The total annual mean contribution from road traffic to PM10 is commonly high (22-
36%) at all AIRUSE monitoring sites varying, in absolute terms, from 4.6 µg/m3 (ATH-SUB) to 12.3 
µg/m3 (POR-TR). Similarly, in PM2.5, traffic emissions increase concentrations by 22-39% (2.5-10.1 
µg/m3 as an annual mean, Figure 9).  

The second most important “source” of PM10 (20-26%) is Secondary sulphate and organics at BCN-
UB, FI-UB and ATH-SUB, while this only represents 14% of PM10 in MLN-UB and 10% of PM10 in 
POR-TR (Figure 9). The relative importance of Secondary sulphate and organics is higher in PM2.5 
(19-37% at SUB and UB sites and 13% in POR-TR). The contributions (in PM2.5) progressively increase 
from POR-TR (3.4 µg/m3), ATH-SUB (3.8 µg/m3), FI-UB (4.1 µg/m3) to MLN-UB and BCN-UB (5.6 
µg/m3). 

Another important source of PM10 is Biomass burning (13% in POR-TR, 16% in FI-UB, and 24% in 
MLN-UB), although it is only 7% in ATH-SUB and negligible in BCN-UB. In PM2.5, BIOMASS BURNING 
is the second most important source in MLN-UB (21%) and in POR-TR (18%), the third in FI-UB (21%) 
and ATH-SUB (11%), but again negligible (<2%) in BCN-UB. This large discrepancy among cities is 
mostly due to the degree of penetration of wood (and its derivatives) as fuel for residential heating. 
In Barcelona natural gas is very well supplied across the city and used as fuel in 96% of homes, while, 
in other cities, PM levels increase on an annual basis by 1-6 µg/m3 due to this source. 

Other significant anthropogenic sources are: 

 Local dust, 7-12% of PM10 at SUB and UB sites and 18% at the TR site, revealing a contribution 
from road dust resuspension. In PM2.5 percentages decrease to 2-7% at SUB-UB sites and 15% at 
the TR site. 

 Industries, mainly metallurgy contributing 4-11% of PM10 (5-12% in PM2.5), but only at BCN-UB, 
POR-TR and MLN-UB. No clear impact of industrial emissions was found in FI-UB and ATH-SUB.   

 Remaining secondary nitrate, emitted from multiple sources such as industries, shipping and 
power generation and contributing 4-9% of PM10 and 2-10% of PM2.5. 

 Natural contributions consist of Sea salt (16% of PM10 in POR-TR but only 2-7% in the other cities) 
and Saharan dust (14% in ATH-SUB) but less than 4% in the other cities. 

 Other sources of non-fossil OC, such as food cooking and enhanced biogenic secondary aerosols 
could not be separated due to the lack of AMS techniques. 

During high pollution days, Road traffic is the largest source of PM10 and PM2.5 at all sites (UB and 
TR): 36-42% to PM10 and 26-38% to PM2.5 except at ATH-SUB (8% and 11% respectively) due to the 
suburban location of this monitoring site (more distant from urban emissions). At ATH-SUB the 
highest contribution is from Saharan dust (52% and 45% respectively). Biomass burning is the second 
most important source during high pollution episodes at FI-UB, POR-TR and MLN-UB (25-30% of 
PM10 and 26-36% of PM2.5). During those days, there are also quite important Industrial emissions 
in BCN-UB (17%-19%) and Local dust in POR-TR (28-20%). 
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Figure 9. Simplified source apportionment in the AIRUSE cities. Contributions (in µg/m3 and %) to the 
annual mean for PM10 and PM2.5 



 
 

Report 25: AIRUSE summary for stakeholders 

 

AIRUSE LIFE 11 ENV/ES/584 
23 / 61 

 

 

Figure 10. Simplified source apportionment in the AIRUSE cities during high pollution days. 
Contributions (in µg/m3 and %) in the AIRUSE cities. 
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Table 1. Simplified source apportionment in the AIRUSE cities for mean annual PM levels and during 
high pollution days. Contributions (in % (and in µg/m3)) in the AIRUSE cities. 

 

Other relevant sources of PM 

Recent research attention has been focused on the importance of other sources/process contributing 
to the non-fossil OC in urban ambient air PM2.5, namely food cooking and enhanced biogenic 
secondary aerosols. These two sources/processes can be separated through the application of online 
Aerosol Mass Spectrometer (AMS) and off-line radiocarbon analysis on PM filters, which could not be 
performed within AIRUSE. 

While food cooking is recognized as one of the most important PM emission sources in the indoor 
environment (Buonanno et al., 2009; Wan et al., 2011) several studies confirm also its possible 
importance as a significant contributor to ambient air PM2.5; however, the number of urban 
environments where cooking organic aerosols (COA) ina ambient PM was detected and quantified is 
still very low due to the need of high mass resolved aerosol measurement such as the AMS. Cooking 
has been recognized to contribute significantly to the total organic mass of PM in several cities, e.g. 
Paris (Crippa et al. 2013), London and Manchester (Allan et al., 2010), Barcelona (Mohr et al., 2012), 
Zurich (Lanz et al., 2007; Canonaco et al., 2013), Toronto (Slowik et al., 2010), Beijing (Huang et al., 
2010; Sun et al., 2010), New York (Sun et al., 2011), Pasadena (Zotter et al., 2014) and Fresno (Ge et 
al., 2012). However the cooking contribution is not easily resolved even for urban sites due to the 
similarity of its mass spectrum with the one of hydrocarbon-like organic aerosol in unit mass 
resolution (Crippa et al., 2014).  

In UK cities, Allan et al., (2010) identified important contributions of COA (19-30%) to primary organic 
aerosols. In London, Yin et al. (2015) found cooking contributions up to 4% of PM2.5.In Zurich, 

CONTRIBUTIONS TO THE ANNUAL MEAN
CONTRIBUTIONS TO THE MEAN OF DAYS >50 (40 BCN)µgPM10/m3

(>35µg/m3 PM2.5 MLN) 

PM2.5 POR-TR BCN-UB FI-UB MLN-UB ATH-SUB PM2.5 POR-TR BCN-UB FI-UB MLN-UB ATH-SUB

TRAFFIC 39%(10) 28%(4) 31%(4) 34%(10) 22%(2.5) TRAFFIC 35%(23) 42%(14) 32%(22) 39%(21) 11%(3)
Exhaust 31% 20% 18% 6% 15% Exhaust 30% 20% 5% 4% 9%
Non-exhaust 5% 1% 2% 9% 5% Non-exhaust 3% 2% 1% 7% 1%
TR-NO3

- 3% 7% 11% 19% 2% TR-NO3
- 2% 20% 26% 28% 1%

REG (OC+SO4
2-) 13%(3) 37%(6) 29%(4) 19%(6) 34%(4) REG (OC+SO4

2-) 2%(1.4) 22%(7) 6%(4) 11%(6) 5%(1.2)
L.DUST 16%(5) 6%(1.0) 2%(0.3) 5%(1.5) 5%(0.5) L.DUST 22%(14) 2%(0.6) <1%(0.1) 2%(1.2) 2%(0.4)
BIOMASS BURN. 18%(5) <3%(<0.5) 21%(3) 21%(6) 10%(1.2) BIOMASS BURN. 33%(22) <3%(<0.5) 33%(23) 26%(14) 2%(0.5)
INDUST 5%(1.3) 12%(1.8) 6%(0.8) 5%(1.5) <1% (<0.1) INDUST 1%(0.9) 18%(6) 3%(2) 3%(1.8) <1%(<0.2)
nTR-NO3

- 1%(0.3) 3%(0.5) 4%(0.5) 6%(1.7) 3%(0.3) nTR-NO3
- 1%(0.4) 9%(3) 6%(4) 8%(4.3) 3%(0.6)

SHIPPING <1%(<0.2) 5%(0.7) <1%(<0.2) <1%(<0.2) 7%(0.8) * SHIPPING <1%(<0.2) 6%(2) <1%(<0.2) <1%(<0.2) 10%(2)* 
AFR.DUST <1%(<0.2) <1%(<0.2) 1%(0.2) <1%(<0.2) 6%(0.7) AFR.DUST <1%(<0.2) <1%(<0.2) <1%(0.3) <1%(<0.2) 45%(10)
S.SALT 5%(1.3) 3%(0.4) 1%(0.1) 1%(0.5) 2%(0.2) S.SALT <1%(<0.2) 1%(0.3) <1%(0.4) 1%(0.7) 1%(0.3)

*Shipping in ATH includes also heavy oil combustion from industrial plants and maybe some residential oil combustion for heating as well. 

CONTRIBUTIONS TO THE ANNUAL MEAN CONTRIBUTIONS TO THE MEAN OF DAYS >50µg/m3 PM10 (BCN >40µg/m3)

PM10 POR-TR BCN-UB FI-UB MLN-UB ATH-SUB PM10 POR-TR BCN-UB FI-UB MLN-UB ATH-SUB

TRAFFIC 38%(13) 33%(7) 31%(6) 34%(13) 23%(5) TRAFFIC 36%(24) 45%(22) 43%(31) 41%(33) 9%(6)
Exhaust 23% 14% 13% 7% 10% 25% 13% 5% 5% 4%
Non-exhaust 9% 11% 9% 9% 8% 6% 14% 9% 14% 3%
TR-NO3

- 6% 8% 9% 19% 5% 5% 18% 29% 22% 2%
REG (OC+SO4

2-) 10%(4) 26%(6) 21%(4) 19%(6) 20%(4) REG (OC+SO4
2-) 5%(3) 19%(9) 6%(4) 9%(3) 2%(1.7)

L.DUST 19%(6) 11%(3) 12%(2) 5%(2) 10%(2) L.DUST 27%(17) 4%(1.8) 2%(1.8) 3%(17) 1%(1.1)

BIOMASS BURN. 14%(5) <2%(<0.5) 16%(3) 24%(9) 7%(1.4) BIOMASS BURN. 25%(16) <2%(<0.5) 30%(22) 35%(16) 1%(0.6)
INDUST 4%(1.2) 11%(3) 5%(0.9) 9%(4) <1%(<0.2) INDUST 2%(1.2) 17%(8) 3%(2) 4%(1) <1%(<0.2)
nTR-NO3

- 2%(0.8) 8%(1.8) 6%(1.2) 5%(2) 7%(1.5) nTR-NO3
- 2%(1.3) 9%(4) 7%(5) 6%(1) 1%(1.1)

SHIPPING <1% (<0.2) 4%(0.9) <1%(<0.2) <1%(<0.2) 4%(0.8)* SHIPPING <1%(<0.2) 4%(2) <1%(<0.2) <1%(<0.2) 3%(2.3)* 
AFR.DUST <1%(<0.2) 1%(0.3) 4%(0.7) <1%(<0.2) 14%(3) AFR.DUST <1%(<0.2) 1%(0.3) <1%(0.2) <1%(<0.2) 52%(38)

S.SALT 13%(4) 6%(1.5) 3%(0.6) 3%(1) 7%(1.6) S.SALT 3%(1.9) 2%(0.8) 1%(0.5) 2%(2) 7%(4.9)

*Shipping in ATH includes also heavy oil combustion from industrial plants and maybe some residential oil combustion for heating as well. 
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Canonaco et al., (2013) found a mean contribution of 7.5% of non-refractary (NR) PM1, with a clear 
peak at noon. In Paris, contributions from cooking were found to reach up to 35 % of NR-PM1 during 
meal hours only in the core of the city. In Barcelona cooking was estimated to be responsible of 5% 
of NR-PM1 in March 2009. In Milan, AMS was applied offline on PM10 and PM2.5 filters during 2013, 
revealing contributions of around 3% PM2.5 (C. Colombi, Personal communication). In Athens, COA 
was not found as a separate source but mixed with traffic emission in the HOA-2 factor, contributing 
17% of OA (Kostenidou et al., 2014). 

Urban anthropogenic emissions can also lead to an enhancement in secondary organic aerosol (SOA) 
formation from naturally emitted precursors. Even determining a fraction of modern VOC that is 
actually emitted through anthropogenic activities does not capture the whole human influence on 
the organic aerosol budget, as it ignores any possible enhancement, through anthropogenically 
emitted compounds, of SOA formation from true biogenic precursors. In fact, the high 
concentrations of specific anthropogenic pollutants (e.g. NOx, SO2 and O3) may enhance the 
formation of secondary organic aerosols from biogenic precursors (BSOA), giving rise to eBSOA 
(Hoyle et al., 2011). Thus, in this late case, although OC has a biogenic origin from volatile organic 
compounds (BVOCs), the formation of eBSOA is anthropogenically driven. The interaction between 
the systems BVOCs-O3-NOx-SOA is very complex (Pandis et al., 1991). Thus, several studies have 
reported higher yields of eBSOA formation from isoprene in the presence of relatively high 
concentrations of NOx and lower SOA formation for very high NOx levels (Kroll et al., 2006). In any 
case, one of the major BSOA formation pathways, especially in high NOx and O3 regions, seems to be 
related with the nocturnal oxidation of VOCs by the nitrate radical (NO3, a product of the NO2+O3 
interaction) reaction (Hoyle et al., 2011). 

Szidat et al. (2009) compared measurements from an urban area and a rural site, located 35 km 
apart, showing an enhancement (by a factor of 2–3) of non-combustion related modern OC in 
aerosols from the urban site. These measurements suggest an enhancement of biological SOA due to 
interaction with anthropogenic emissions. In other words, in polluted air, biogenic species can be 
incorporated into organic aerosol more efficiently. In Marseille OOA is overwhelmingly non-fossil, 
formed via the oxidation of BVOCs, including monoterpenes (El Haddad et al., 2013). Similar results 
concerning the high BSOA contribution were obtained in Zurich (Szidat et al., 2006), Marseille (El 
Haddad et al., 2013), and Birmingham (Heal et al. 2011), among others. In Barcelona, for example, a 
74% increase of semi volatile organic aerosols was found (together with ammonium nitrate) passing 
from holidays (low traffic emissions) to normal working activities (high traffic emissions), as well as 
for individual organic compounds such as poly-acids, such as malic acid, 3-hydroglutaric acid, MBTCA 
and 2-methylglyceric acid suggesting formation of eBSOA in the urban air shed under higher traffic 
intensities. 
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4. NATURAL SOURCES (ACTION B3) 

PM can be emitted by anthropogenic activities as well as natural processes. The major natural 
sources affecting ambient air quality are: wind-blown desert dust, wind-blown sea water which 
evaporates in the atmosphere releasing sea salt, volcanic activity, wildfires and biogenic sources 
(such as plants and trees). These sources are often underestimated but may contribute significantly 
to PM mass concentration levels, depending on the geography and climate of the studied areas. 
AIRUSE project has assessed the effect of sea salt, desert dust transported to Europe from Africa and 
forest fires on the PM concentration levels measured in 5 Southern European cities: Porto, 
Barcelona, Milan, Florence and Athens. 

Sea salt and desert dust contributed more to PM10 than PM2.5 concentrations, indicating that 
related natural aerosol is found in the larger particle sizes. The mean annual contribution of sea salt 
to PM10 concentration ranged from 3-13% (Figure 11). The highest sea salt levels were observed at 
the Atlantic site (Porto), followed by the Mediterranean coastal sites (Barcelona & Athens). Much 
lower concentrations were found at the inland Italian cities (Florence & Milan). Long range transport 
of desert dust from Africa affected mainly Athens, Florence and Barcelona. Mean annual dust 
contributions to PM10 concentration were in the range 1-14%. The highest impact was detected in 
Athens where dust outbreaks lead to peak PM10 concentrations up to 145 μg/m3,  greatly surpassing 
the daily limit value set bu EU (50 μg/m3). Significant forest fires were registered only in Porto during 
the AIRUSE campaigns, in August and September 2013. Wildfire contribution was on average around 
10 μg/m3 on a daily basis for these episodes, reaching up to 14 μg/m3 and contributed by 14% to 
PM10 and 16.5% to PM2.5 daily mass concentrations during fire days.  

High PM concentrations may adversely affect human health, even when related to natural sources. 
Mitigation measures related to natural sources can only be focused on minimizing the effects of this 
type of pollution, since the sources themselves cannot be controlled. Two distinct aspects of control 
strategies may be identified: 

 Measures to reduce the potential of dust particles deposited, on the streets and other surfaces, to 
resuspend: 

- Systematically clean streets and pavements after intense African transport events, in order to 
remove the heavy load of dust available for resuspension;  

- Increase urban vegetation and reduce the free surfaces where particles may accumulate and 
easily resuspend; for instance, trees settle out, trap and hold particles, while grass terrains 
prevent further resuspension of local soil dust.  

 Measures to protect human health, through an emergency action plan for the days when extreme 
dust events are forecasted, including: 

- An alert system easily accessible to the general public that will provide forecasts on intense 
African dust events, inform on potential exposure symptoms and suggest relevant preventive 
actions, such as staying indoors, avoiding physical activities outdoors or possible need for extra 
use of asthma medication. This system should focus on sensitive population subgroups, such 
as people suffering from asthma or other respiratory or cardiovascular disease, elderly and 
children, and it should include different communication channels (such as internet, radio and 
television announcements, information boards located in selected central locations).  

- It is important to deeply evaluate the PMx threshold alert for the information to the 
population in order to avoid an excess of alerts, since most of the dust outbreaks are relatively 
mild and do not cause a large increase of PMx levels. Also the health recommendations 
concerning precautions to be taken have to be supplied by epidemiologist. 

- A similar protocol should be applied for intense episodes of forest fires with emission plumes 
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causing drastic air quality impairment in populated areas. 

- Special provisions for the operation of schools, such as students staying indoors during 
intermissions and physical activity classes, or even suspension of classes in extreme cases of air 
pollution. 

 

 

Figure 11. Sea salt and African dust contributions to PM10 and PM2.5 estimated for each AIRUSE site, 
in µg/m3 (top) and % of total PM concentration (bottom). 
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5. BIOMASS BURNING (ACTION B4 & B7) 

With the exception of BCN-UB, biomass burning is, besides traffic, one of the most important sources 
contributing to the PM levels in southern European cities. Annual average contributions from 7 to 
16% and from 12 to 24% of PM10 and PM2.5, respectively, were estimated. However, due to the 
extensive use of wood for household heating, in winter the biomass burning fraction has a much 
larger share. In many cases, this source was found to be responsible for the exceedances of the 
European air quality limit values. The fractional contribution of biomass burning to the bulk PM load 
is in the range of values reported for mountain sites or for countries with colder climates. Taking into 
account that, currently, the residential wood combustion equipment in southern Europe is largely 
represented by outdated and inefficient stoves, strategies promoting, through financial incentives, 
the replacement of older wood-burning appliances by cleaner home heating are required. Policies 
with an inter-sectoral perspective, coordinated by the EU, for woody biomass development and use 
need a balanced approach considering environmental, social and economic issues. 

Taking into account that residential biomass combustion has been pointed out as one of the main 
sources of atmospheric pollutants, especially PM, and because emission factors vary greatly with 
wood type and combustion equipment, one of the motivations within AIRUSE was focused on 
fulfilling the need for detailed characterisation of emission profiles resulting from residential and 
industrial combustion of the most prevalent biofuels in Southern Europe. 

Based on information provided by the AIRUSE partners, wood species widely used as biofuels in 
residential combustion in Southern European countries have been burned in traditional appliances 
(Figure 12). Furthermore, at the request of the Madrid City Council Authority, the emissions from the 
combustion of olive pit, shell of pine nuts and almond shell were also studied, since these biofuels 
are currently penetrating in the residential and commercial heating sector. PM and gaseous emission 
factors (EFs, mg MJ-1) have been obtained for the most common types of household appliances: a 
fireplace, a traditional cast iron stove and an eco-labelled stove (Figure 12). The emissions from these 
devices have been compared to those from a new pellet stove with increasingly market share, in 
which different types of pellets and the other alternative biofuels mentioned above that are 
becoming common in Southern Europe, particularly in Spain, were also burned. It is interesting to 
note that for these test, EN-plus certified pellets emissions where compared with those from 3 
additional non-certified, but commercially available in Southern Europe. Some of them were 
obtained from recycled industrial wood with a relatively high load of metals. 
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Figure 12. Biomass burning appliances and biofuels tested in AIRUSE. 

The results of the above test may be summarised as follows: 

 PM emissions from the fireplace, traditional cast iron stove, eco-labelled stove and pellet stove 
were, respectively, in the following ranges: 312-1135, 149-703, 61-156 and 25-156 mg MJ-1 
biofuel burned (dry basis). PM10 emissions from the fireplace were about 3, 12 and 15-fold higher 
than those from the traditional woodstove, eco-labelled appliance and pellet stove, respectively.  

 Emissions from the traditional woodstove exceeded 5 to 6 times those of the two more modern 
combustion devices. However, even the pellet stove, for most of the biofuels, does not meet the 
emission limits stipulated in countries where certification of combustion appliances is required 
(e.g. 50 mg MJ-1 in Denmark and Switzerland; 35 mg MJ-1 for wood fuels and 25 mg MJ-1 for 
pellets in Austria; 27 mg MJ-1 in Germany).  

 Among all the biofuels tested, only one type of pellets, with ENplus quality certification, complies 
with the limits. Thus, it is suggested to adopt as much as possible these certification processes, 
either of pellets or of combustion appliances, in Southern European countries. 

 Table 2 summarises the results of AIRUSE experimental averaged results on PM2.5 or PM10 and 
benzo[a]pyrene emission factors (dry basis) for different combustion devices and biofuels. As for 
PM, the lowest BaP emission factors were registered for the pellet stove. The lowest emitting 
wood species generated more than 8 times higher BaP concentrations than pellets. This study 
shows that flue gas from modern small scale heating systems, such as the eco-labelled stove, 
could produce elevated BaP emissions, especially during the combustion of conifer logs. These 
resinous woods are characterised by higher burning rates, which result in very hot flame and 
short, local drop of oxygen concentration during the combustion. Thus, although a “new” 
combustion technology contributes to the reduction of overall PM emissions compared with “old” 
burning appliances, higher combustion temperatures in the modern logwood stoves may lead to 
higher PAH emissions.  
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Table 2. Results of AIRUSE experimental averaged results on PM2.5 or PM10 and benzo[a]pyrene 
emission factors (dry basis) for different combustion devices and biofuels. nd: not 
detected. 

 

 Within AIRUSE Action B7, the combustion facility of UAVR has been used to test some abatement 
measures. Reduction of emissions from biomass combustion can be achieved by either avoiding 
formation of pollutants (primary measures) or by removal of such substances from exhaust gases 
(secondary measures). Aiming at adopting primary mitigation measures, different operating 
conditions have been tested in a woodstove: 

-  Softwood versus hardwood. 

-  Split versus non-split logs. 

-  Diverse fuel loads (1, 2 and 4 kg). 

-  Diverse moisture contents. 

-  Two distinct ignition techniques: upside down and bottom up lighting. 

-  Injection of secondary combustion air. 

 The highest PM10 EFs were recorded for the operation with low loads for both woods. Particle 
EFs increased with increasing fuel moisture content. Secondary air supply produced the lowest 
PM10 emission factors. Top ignition can decrease the PM10 EF to less than half when compared 
with the common technique of lighting from the bottom. 

 With respect to secondary measures, two pollution control devices – a catalytic converter and an 
electrostatic precipitator - have been applied to the flue gases of two common residential 
combustion appliances: a woodstove and a pellet stove. For most cases, these tests could not 
document any significant reduction of particulate matter emissions. Although the catalytic 
converter is designed to clean the flue gas, most of the chemical compounds in wood smoke are 
only combustible at temperatures higher than 550-600 ºC. When installed in the early part of the 
chimney, connected to the outlet of the combustion chamber of small-scale traditional 
appliances, these temperatures are hardly achieved. In addition, ash/soot clogging and creosote 
fouling may take place on the surface of the catalyst. In the case of electrostatic precipitators, 
possible particle formation due to condensation of organic compounds, which result from poor 
burnout conditions, may contribute to particle formation downstream the charging electrode. 
This could lead to a higher aerosol load at filter outlet compared to filter inlet. Thus, depollution 
of flue gas from traditional residential combustion equipment, such as fireplaces and woodstoves, 
is very problematic, because of incomplete combustions and high emission of condensables. 
These appliances should be replaced by certified equipment, rather than installing flue gas 
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depollution technologies. It should be also noted that the installation cost of pollution control 
technologies, such as those tested in this study, ranges between 1,000 and 3,000 €. Moreover, 
yearly costs for cleaning shall be added. The cost for a new stove will for many installations be 
comparable to the cost for the installation of an electrostatic precipitator and the maintenance 
for some years. 

 Not all the systems could be installed on the chimney top on all types of houses and many people 
will probably not accept an electrostatic precipitator in the flue right above the stove due to 
sparkling noise and aesthetic aspects. Without national policies promoting, through financial 
incentives, the replacement of older wood-burning appliances by cleaner home heating, the main 
focus should be on the reduction of particulate emissions by primary measures. 

 In summary, results from several measurement studies, together with disaggregation of emissions 
factors by technology and fuel type, lead to quite large differences, especially between old-type 
residential appliances, which dominate in Southern European countries, versus modern 
woodstoves and boilers with higher combustion efficiency. With regard to human health, 
emission requirements for the eco-labelling of small-scale combustion appliances for wood logs 
and pellets must be mandatory in all countries. The requirement for selling only certified pellets 
should also be widespread. The product testing should be performed by qualified and recognised 
laboratories. Similarly to what has already been implemented in a few countries, other 
regulations should be imposed so that aspects such as storage of wood logs or pellets and 
transportation are taken into account. 

 It is important to highlight that some woods, wood products and wastes arising from specific 
industrial sectors may be subjected to phyto-treatments with metals and if these products are 
directly used as biofuels or as raw material for manufacturing pellets, upon burning, the emission 
into the atmosphere of heavy metals, including Cu, Cr and As, as well as preservatives (e.g. 
pentachorophenol) will take place. For this reason, it is very important to regulate and exclude 
them from the biomass labelling in terms of combustion. The new EC directive on mid-size 
combustion plants is a good opportunity for this classification and labelling. In AIRUSE some heavy 
metals (such as Zn, Pb, Fe and As, Figure 13) were found to be higher in PM10 emissions from 
some non EN certified pellet types (II, III and IV). These pellets were made of recycled wood 
products, wood waste and wood residues, especially from the furniture manufacturing industry. 
The inclusion of wastes from preservative-treated wood could not be discarded. High 
concentrations of Pb in samples could be due to Pb-based paint on old wood or uptake of Pb from 
soil contaminated by lead arsenate pesticide (Sander, 1997).  
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Figure 13. PM10 mass fractions of some elements (wt.%); bld – below detection limit 

 

 Wood is treated to avoid deterioration by fungi, certain insects (including termites and carpenter 
ants), other organisms (marine borers), and weathering. Wood preservatives commonly used 
today have proved to be highly toxic to destroying organisms. Preservatives are generally divided 
into two groups: oil-type (e.g. creosote and pentachlorophenol) and waterborne salts (e.g. 
chromated copper arsenate, CCA, and ammoniacal copper arsenate, ACA). In 2003, EPA and the 
wood preservative registrants entered a voluntary agreement to terminate the use of CCA in 
almost all wood products for consumer purchase after December of that year. Products using 
alternative preservatives can contain Cu, but no As or Cr. In many other countries, any initiative in 
this direction has not been taken so far. However, even in the USA, CCA-treated wood is still 
captured as a waste wood product (NYSERDA, 2013).  

 Given the interest in increasing the use of pellets as a renewable fuel, standards need to be 
established in the European Union for elemental composition of commercial wood pellets and 
chips to avoid the inclusion of extraneous materials. Only Germany has standards containing 
extensive trace element limits. Such standards would prevent the environmental impact of toxic 
species that would be emitted when the wood is burned. The establishment of enforceable 
European standards for elemental composition of commercial wood pellets and chips would help 
exclude inappropriate materials and promote cleaner combustion. Presently, in most countries, it 
is almost impossible to track beyond the pellet production process to the source of processing 
materials and to determine if elevated elements result from harvesting practices, use of waste 
materials, processing impurities or inappropriate handling during production and distribution. 
Only through the use of programs or regulations that look beyond the current pellet standards 
will the European Union be able to assure the use of clean wood pellets. Inappropriate storing 
conditions of the raw material, poor handling concepts, use of waste woods and lack of standards 
for raw materials as well as binders are probable contributors to product quality issues. Certain 
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elements may still remain in elevated concentrations in the combustion equipment bottom ashes. 
Thus, further analysis of clean pellets should be accomplished to support the development of 
policies to guarantee appropriate use of wood ash for soil supplementation or solid waste 
disposal. 

 The strategies to reduce biomass burning emissions may be of two types: 

- Educational programmes that advise people what to burn, how to burn, what are the less 
polluting appliances, etc. 

- Regulatory programmes. These could ban or restrict some biofuels or wastes and wood 
burning devices in new homes, create weatherisation and financial incentives for old stove 
changeouts, conceive enforceable emission reduction programmes, such as the establishment 
of “smoke control zones”, lay down regulations for the wood moisture content and for 
installation of only certified wood burning appliances, force the obligation to remove old 
stoves upon re-sale of a house. The use of only EN certified pellets should be also mandatory in 
critical air quality areas. 

 For areas that do not meet the EC PM and BaP standards, due in part to wood smoke, the local 
jurisdiction may consider banning the use of non-certified woodstoves and pellets. National 
governments and regional authorities should support voluntary woodstove and fireplace 
replacement/retrofit programmes to motivate households to replace older technologies with 
safer, more efficient, cleaner burning technologies. A plan for education and outreach to the 
public should definitely be included when introducing burn ban ordinances or wood-burning 
appliance replacement programmes. Financial incentives may be a necessity to encourage 
households to replace or retrofit old wood-burning appliances.  

 It is also relevant to point out that, in case of an increased urban use of biomass for domestic 
heating, a programme to properly collect and dispose combustion ashes should be carried out. 
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6. INDUSTRIAL EMISSIONS CONTRIBUTION (ACTION B5 & B7) 

The identification of the industrial activities profile and the quantification of primary PM emissions 
(from channelled and diffuse sources), together with the results from the contribution to ambient 
PM of these sources, are of great help in identifying how current PM mitigation measures for 
channelled and fugitive emissions (Figure 14) can be improved. The air quality studies carried out in 
the AIRUSE cities include primary and secondary PM contributions. The results from the source 
apportionment study (Action B2) revealed that the total industrial contribution to ambient PM10 and 
PM2.5 exceeded 20% of the annual ambient air concentrations in most cases. Further efforts are 
therefore needed to abate primary emissions and emissions of precursor gaseous species from the 
industrial sectors. 

In the metropolitan areas of the AIRUSE cities, the most PM10 and PM2.5-emitting within the 
industrial sectors are, respectively, as follows: in PORTO (energy (29.0% and 31.7%), metals 
production and processing (28.6% and 25.9%), and paper and wood production and processing 
(19.2% and 22.9%)); in BARCELONA (mineral industry (34.9% and 46.6%), metals production and 
processing (21.9% and 26.6%), and harbour (23.7% and 4.3%)); in FLORENCE (concrete 
manufacturing, silver processing and biomass co-generation (65.1% and 54.6%) and metals 
production and processing (32% and 42.1%)); and in MILAN (minerals (41.0% and 39.6%) and metals 
production and processing (28.8% and 26.0%)). 

In spite of the large improvements recorded in air quality in the last decade in most of the study 
areas, in part due to the abatement of industrial emissions, still a 15-30% of PM10 and PM2.5 
measured in the AIRUSE cities may be attributed directly and indirectly to industrial emissions. Thus, 
it is necessary continuing making efforts to abate emissions of primary emissions, and, especially of 
gaseous species precursors of secondary PM from this sector. 

Apart from the specific recommendation given in each AIRUSE area, to overcome the common 
weaknesses found in all the studied areas, some general recommendations are included in this 
section. In this regard, the main gaps and recommendations are summarised as follows:  

 Updating the list of industrial activities: In spite of the measures taken in the last years, industrial 
pollution control, reporting and monitoring of IED, and above all non-IED activities, still 
constitutes an important challenge for the study areas; hence more effort should be addressed to 
their control.  The activity and emission inventories must not be limited to IED activities, since the 
non-IED activities may play an important role in urban areas from the environmental viewpoint, 
and the available information reported by the competent bodies in the AIRUSE areas is very 
scarce.  

 Extending the information in public inventories such as E-PRTR. The public data of specific ELV 
applied, BATs implemented, fuels used and output capacity is very poorly reported, even for IED 
activities. Therefore, the inclusion of this information in a public and harmonised system, such as 
the E-PRTR is highly recommended, in order to improve environmental transparency and facilitate 
mitigation action proposals. 

 Improving diffuse emissions data. Even though, the E-PRTR specifies that PM diffuse emission 
should be included in the reported emissions, the E-PRTR emission data are given in a global basis, 
hence it is not possible to differentiate if these emissions have been included and how they have 
been quantified. The methodology followed to quantify diffuse PM emissions from industrial 
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sources is based on the application of data from, the standard databases, such as EMEP/EEA 1 or 
AP 422, combined with other sources as the Emission estimation technique manuals from the 
Australian Government3. An example of this methodology applied in detailed can be found for 
example in: 

- Monfort, E., Sanfelix, V., Celades, I., Gomar, S., Martín, F., Aceña, B., Pascual, A. 2011. Diffuse 
PM10 emission factors associated with dust abatement technologies in the ceramic industry. 
Atmospheric Environment, 45(39), 7286-7292. 

- Sanfélix, V., Escrig, A., López-Lilao, A., Celades, I., Monfort, E. 2015. On the source inversion of 
fugitive surface layer releases. Part I. Model formulation and application to simple sources. 
Atmospheric Environment, 109, 171-177. 

 It is worth noting that in relatively dry countries, as it is the case in the AIRUSE target areas, some 
specific activities such as the handling of bulk dusty materials in ports, quarries, ceramic or 
cement facilities, may produce PM fugitive emissions of the same order of magnitude as 
channelled ones. Moreover, the available emission factors in the standard databases, such as 
those used in the present study are not accurate enough for PM fugitive emissions; therefore, the 
improvement of these data should be strongly encouraged.  

 Improving the regional inventories of PM industrial emissions. The emission information required 
to develop realistic air quality plans at regional scale, such as the metropolitan areas studied in 
AIRUSE should be more exhaustive. This improvement could be reached estimating the emission 
by means of bottom-approach, including those industrial activities and diffuse emissions, 
mentioned before, that can be relevant in PM emissions. Nevertheless, currently their estimation 
is based on very limited experimental evidences, and may not always provide a realistic picture. 
For both reasons, emission inventories of PM at this stage cannot be seen as fully reliable. 

 Harmonising the key control parameters between air quality (PM10 and PM2.5), atmospheric 
emission limit values (PST) and E-PRTR (PM10). To reach this purpose it should be necessary to 
establish following ratios for the different industrial activities: PM10/PST, PM2.5/PST. This 
information is currently available for a few activities in the EMEP/EEA air pollutant emission 
inventory guidebook–2013.  

 Organising awareness-raising activities especially for the industrial sectors through workshops in 
cooperation with business associations, or specific infodays for industrial activities. These events 
need to explain to the industry the importance, generally, of providing accurate information on its 
environmental impact (atmospheric emissions) and to explain, in detail, the end use of this 
information and the consequences of not providing it. 

                                                           
1  EEA. European Environmental Agency. EMEP/EEA air pollutant emission inventory guidebook – 2013. 

[http://www.eea.europa.eu/publications/emep-eea-guidebook-2013]. 
2  Emissions Factors & AP 42, Compilation of Air Pollutant Emission Factors. [http://www.epa.gov/ttnchie1/ap42/] 
3 

Emission estimation technique manuals. National Pollutant Inventory. Department of the Environment. Australian Government. 

[http://www.npi.gov.au/reporting/industry-reporting-materials/emission-estimation-technique-manuals] 
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Figure 14: Channelled (top) and fugitive (bottom) PM emissions from industrial sites. 
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7. TRAFFIC AND SOIL DUST CONTRIBUTIONS: TEST OF SPECIFIC MEASURES (ACTION B6 & B7) 

Road dust is an important component of non-exhaust emissions which contribute to increase PM10 
levels in the AIRUSE cities, with loads of 8 to 11% of the annual PM10, as deduced from the source 
apportionment analysis. The road dust emissions are highly influenced by the number of cars, 
mineral dust deposition rates, speed of the vehicles, solar radiation and precipitation, the latter 
causing both the washout of dust but also the wetting of the surface pavement that considerably 
reduces emission of PM. Although the more effective and efficient way for abating this type of 
emissions is reducing the number of cars, mitigation measures may also help to reduce road dust 
emissions. Although the effectiveness of some of these measures has been tested in several areas of 
northern and central Europe, their effect in relatively dry urban areas of southern Europe with high 
solar radiation has not been evaluated in detail. 

To this end several mitigation measures have been tested in order to reduce road dust emissions, 
namely Street Washing, Calcium Magnesium Acetate (CMA), MgCl2 and nano-polymer spraying.  

Intensive experimental tests were conducted in specific campaigns for different environments: 

 A typical Mediterranean urban road in Barcelona: The 2.3 km of the Industria Street was 
monitored with three mobile air quality units to evaluate the effect of CMA (Figure 15) and MgCl2 
during 2 months having ½ of the street section subjected to the application of these two binders. 
Source apportionment of daily and hourly PM10 and PM2.5 at this road and a second reference 
road was carried out to evaluate the effects. 

 With a similar experimental setting, the effect of water flushing and sweeping were evaluated  in 
a 1.5 km section of the Valencia Street in Barcelona, and phreatic non-drinking urban water was 
used. 

 Two additional campaigns were carried out using the same approach at one industrial (ceramic) 
road with high road dust loading from the transport of powdered material and in an unpaved 
road, used for the transport of quarry blasted material. Both campaigns were carried out in the 
province of Castelló, Spain, Figure 15)  

 Finally, an additional campaign was carried out, to test the effect of the application of a nano-
polymer solution at an urban unpaved area (public park of Barcelona), where soil dust particles 
suspend to air due to anthropogenic activities (walking, playground etc). 

These campaigns were carried out in collaboration with the Regional Government of Catalonia, the 
City Council of Barcelona and the City Council of L’Alcora (Castelló). 

Table 3 summarizes the average effectiveness obtained in each case study.  

 Street washing (combined with a preliminary sweeping) was found to be the most effective 
measure in all the tested roads (urban paved, industrial paved and unpaved). At the urban paved 
road the reduction on daily mean PM10 levels measured at kerbside sites was 7-10% on a daily 
basis, 18% (daily basis) at the industrial paved road and >90% (hourly basis) on unpaved road, as 
measured at kerbside monitoring sites. We concluded that the positive effect was due mostly to 
the surface wetting effect and accordingly, it is convenient to implement this measure only a few 
hours before the morning traffic rush hour. 

 CMA and MgCl2, which have been shown to be effective in Alpine and Scandinavian countries, did 
not provide sufficient evidence of PM10 reduction in the Mediterranean climate; the PM 
reductions caused by CMA and MgCl2 were negligible or very low during the AIRUSE tests, and 
when detected these were still smaller than for street washing only (e.g. 8% for CMA versus 18% 
for water at the industrial paved road).  These conclusions were obtained at the urban site in 
Barcelona and the two different paved and unpaved industrial roads in the province of Castelló. 
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We attribute the low effect to the high solar radiation conditions that dries quickly the road 
surface thus reducing the efficiency of CMA and MgCl2.  

 From the review of a number of studies AIRUSE can also conclude that the best practice for air 
quality purpose is to use a tandem operation, where the streets are first vacuumed-swept and 
then washed (non-drinking water), whilst street sweeping alone resulted ineffective in reducing 
PM concentrations in the short term.  

 The effectiveness of street washing is proportional to the magnitude of road dust contribution to 
total PM10. The higher the percentage of PM10 due to road dust, the higher the effectiveness of 
street washing. 

 Street washing should be performed at the early morning (5-6 am) just before the rush traffic 
hour. This is due to the fact that the effectiveness of street washing is related to the higher road 
humidity and it is generally short-lived (few hours). Figure 16 shows the evolution of the available 
PM10 dust load (or emission potential) on the pavement during and after street washing. After 
washing, road dust emission potential in Barcelona is estimated to recover (on average) 50% and 
99% after 8 and 24 hours respectively. 

 In cities, street washing should be prioritised at roads with medium-high vehicle intensity 
(>10,000 vehicles per day) and especially during dry periods, for example after 15 days with no 
precipitation.  

  

Figure 15. Left: Details of the sprayer and experimental settings of the CMA application test in 
Barcelona. Right: Details of the experimental settings of the CMA application tests in the 

industrial road of L’Alcora and Castelló. 

Table 3. Summary of tested measures and effectiveness for road dust and soil dust. 

Source Location Dust loading Measure Dosage PM10 reduction Monitoring site 

Road 
dust 

Urban paved 
road 

3-6  
mg/m

2
 

Street 
washing 

1  L/m
2
 

7-10% on a daily 
mean 

kerbside 

CMA 15-20 g/m
2
 Negligible kerbside 

MgCl2 15-20 g/m
2
 Negligible kerbside 

Industrial 
paved road 

20-40 mg/m
2
 

Street 
washing 

27 L/m
2
 

18% on a daily 
mean 

kerbside 

CMA 30-60 g/m
2
 8% on a daily mean kerbside 

Industrial 
unpaved road 

 

Street 
washing 

3.5 L/m
2
 >90% up to 1 h downwind 

CMA 100 g/m
2
 Not observed downwind 

Soil 
dust 

Urban park  
Nano-
polymer 

3 L/m
2
 -2.9 µg/m

3
 Inside the park 
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Figure 16. Evolution of available PM10 dust load on the pavement during and after street washing. 

 

 From a scientific and technical point of views, AIRSUE recommends that, before planning street 
washing, local authorities support studies aimed at: 

- Selecting those streets more critical for the dust load situation. 

- Estimating the accumulation rate of road dust (i.e. how rapidly the steady state between 
deposition and emission is reached). 

- Determining the most effective cleaning criteria (frequency, timing etc.). In this context, 
analysis of rainfall statistics is also important to ensure street washing is compatible with the 
frequency of rainfall events and therefore optimise the air quality effectiveness.  

 It is important to highlight that the street washing efficiency may be especially relevant after large 
African dust episodes. These may sporadically supply large dry or wet dust deposition rates, 
largely increasing the PM10 road dust load on the pavement available for resuspension during 
days. Following AIRUSE suggestions, the Barcelona City Council has already implemented street 
washing after important African dust episodes.  

 For urban unpaved areas such as public parks, unpaved parking lots and access to construction 
sites, the use of nano-polymer is recommended. As shown in Barcelona, the application of a 3 
L/m3 dosage was found to reduce PM10 levels at one monitoring site located within the park by 
2.9 µg/m3 on a daily mean during a period of 6 months.  
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8. REVIEW OF NORTHERN/CENTRAL EUROPE MITIGATION MEASURES (ACTION B8) 

Specific reports on the topics listed below are available at the AIRUSE web site. In this summary 
report we present only a summary of recommendations of these reports. 

Vehicle Emissions 

 Nitrogen oxides (NOx) emissions from diesel cars are significantly higher when driven on roads 
than under laboratory tests.  To ensure that these emissions are low under all real-world driving 
conditions the current European legislation on vehicle emissions needs to be modified.  
Amendments are currently being negotiated but need agreeing and implementing at the earliest 
possible opportunity, and the compliance factor (i.e. the ratio of the laboratory and on-road 
emission limits) needs to be as low as possible, in recognition that there are widespread 
exceedances of the ambient nitrogen dioxide limits across Europe. Compliance is not likely to 
occur until diesel vehicle emissions are substantially reduced. 

Low Emission Zones 

 There are over 200 low emission zones (LEZs) in the European Union. The original aim of many 
was to reduce ambient concentrations of PM10, and to a lesser extent NO2, to help achieve 
compliance with the EU limit values.   

 The clearest evidence is from German LEZs which apply to passenger cars as well as heavy duty 
vehicles (HDVs).  These may have resulted in a small, possibly a few percent, reduction in long 
term average PM10 and NO2 concentrations. Other LEZs in Northern Europe only restrict HDVs (In 
Italy the LEZs also restrict two –wheeled vehicles).  In these LEZs the picture is much more mixed 
with no effects generally being observed.  There is, however, some evidence that LEZs may result 
in larger reductions in the concentration of carbonaceous PM, which may be beneficial for public 
health. 

 In the future, when compliance with vehicle emission standards is extended to in-service vehicles 
resulting in real-world reductions in emissions and all new vehicles are fitted with diesel particle 
filters (DPFs), stringent LEZs may have a role in improving air quality for a number of years until 
the majority of the vehicle fleet meet these standards.  

 National, and possibly an EU wide, LEZ frameworks are recommended as they reduce the cost, 
time and effort in setting up LEZs, make communicating the entry criteria easier and increase 
industry and public acceptance.  There is also a need for certification of retrofitted abatement 
equipment such as DPF and selective catalytic reduction (SRC).  While EU certification schemes 
are under development the timescale is unclear.  

 For a LEZ to be effective the entry requirements should include passenger cars and be sufficiently 
stringent to significantly modernise the vehicle fleet compared to what would have happened 
with time anyway.  The entry requirements need to be periodically tightened to encourage 
vehicle owners to upgrade their vehicles by fitting emission control equipment or buying vehicles 
that meet more recent emission limits. 

 Long term (several years) air quality monitoring should be undertaken before and after 
introduction of a LEZ.  The monitoring location is very important in determining the effectiveness 
of the LEZ, and should be carefully selected.  The pollutants to be measured also need careful 
consideration depending on the aim of the LEZ. In many cities the exhaust emissions of particulate 
matter from local traffic contribute relatively little to ambient concentrations of PM10.  In these 
cases it may be preferable to measure carbonaceous particles as well as the more conventional 
mass based particulate matter metrics (PM10 and PM2.5), as local traffic contributes a higher 
proportion, and therefore identifying the  positive impact of a LEZ is easier.   
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Diesel cars 

 

 The proportion of diesel cars has grown rapidly over the last two decades and today more than 
50% of new cars sold in the EU are diesel. In some countries this figure is over 70%.  Due to their 
low official CO2 emissions many Member States have promoted these vehicles through 
advantageous fiscal incentives.  There is evidence, however, that the official CO2 emissions data 
under-estimates real world emissions by about 25% for diesel cars and less for gasoline cars (ICCT, 
2013).  As these figures are the basis of the tax incentives, there is an unfair bias in favour of 
diesel cars. Since 2006 the CO2 emissions of new diesel cars in Germany have increased compared 
to gasoline vehicles, due, at least in part, to the increase in engine power.  Diesel cars are also 
driven further, as they are cheaper to run, particularly in the majority of Member States which tax 
diesel lightly compared to gasoline.  It has been estimated that the switch to diesel only saved 1% 
of fuel use between 1980 and 2007 (Ajanovic, 2011). The benefit of diesel cars at reducing CO2 
emissions is only marginal while exacerbating poor urban air quality. 

 There seems to be, however, no simple relationship between fiscal incentives and the proportion 
of new diesel cars sold.  For example, one of the largest diesel fuel tax advantages is in the 
Netherlands, yet only 28% of new cars were diesel in 2012, whereas the UK, which has the same 
fuel duty for gasoline and diesel, and the pump price is higher for diesel, 50% of new cars are 
diesel.  There have been few studies explicitly investigating the reasons for the increased number 
of diesel cars sold in different European countries.  Those that exist generally pre-date the 
introduction of the mandatory new car CO2 targets which might have influenced consumer choice 
since 2008.  Some economic models suggest that fuel price and annual car tax may be the most 
important determinants of diesel car purchase, while other studies show that steeply graduated 
purchase / registration tax, possibly part of a feebate system, is more important.  It appears that 
there are other economic and political influences that affect Member States differently.   These 
include the presence in a country of the motor industry and its influence over national 
governments.  The latter may be particularly important during periods of economic recession 
when threats to jobs in the industry may have additional weight.   

 The only measure that appears to have had a clear negative impact on diesel car sales is the ban 
on diesel cars in the two main cities in Greece from 1991 to 2011. Since the ban was lifted there 
has been a rapid increase in diesel car sales. In the year before the ban was lifted 4% of new car 
sales were diesel. In 2011 this had increased to 10%, 2012 to 40% and in 2013 to almost 60%.   

 However, banning diesel cars can be politically difficult as illustrated in London in 2014. The 
Mayor of London proposed banning all pre-Euro 6 diesel cars from the London ultra-low emission 
zone in 2020.  Following media objections he revised the policy within days.  The Major of Paris at 
the beginning of December 2014 also called for diesel cars to be banned by 2020.  The French car 
manufacturers, however, have strong political influence in France, and have invested heavily in 
diesel engine technology, and therefore it seems unlikely that the Mayor will be any more 
successful in Paris than in London.  

 In the UK, some local government authorities who charge for residents’ on-road parking have 
recently started to charge a higher fee for diesel than gasoline vehicles.  It is currently too early to 
judge the effectiveness of this measure. 

 The EU sets minimum taxes for automotive fuels, which favour diesel, as this is the fuel used by 
commercial vehicles.  To discourage diesel cars, Governments need to consider reducing the tax 
differential between the different fuels, and take into account the emissions of urban air 
pollutants as well as CO2 when taxing fuels and vehicles. 
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Promoting  Electric vehicles (EVs) , Hybrids and Gas Vehicles 

 There are very few electric vehicles (EV), plug-in hybrid (PHEV) and gas vehicles in use in the EU 
and this is unlikely to change until the cost of these vehicles is at least equivalent to 
conventionally fuelled vehicles, and even then it will take some time for consumer acceptance to 
grow.  The purchase of a new car is a major decision and consumers are typically skeptical of new 
automotive technologies due to the high purchase costs and are generally cautious when making 
their new vehicle choice.  It tends to take some years for new technologies to become widely 
accepted.  For example, it took six years for the sales of the Toyota Prius HEV to start to take off 
globally after its initial launch (Beltramello, 2012).  

 Only those countries with a long and consistent incentive programme i.e. Italy (gas), Norway (EVs) 
and Japan (HEVs) have a significant (i.e. greater than around 5%) market share of non-
conventional vehicles.   Almost 6% of new car sales in 2013 in Norway were EVs, the highest in 
Europe, which is the result of consistent policies to promote these vehicles over a 20 year period. 
Experience from California suggests that mandating a fixed market share is difficult and targets 
have been revised downward several times over more than a decade. 

 There is evidence that non-fiscal benefits can be effective in increasing the popularity of 
alternative vehicles.  Measures such as allowing single occupancy EVs to drive in high occupancy 
vehicle (HOV) lanes or bus lanes where there is significant congestion have been shown to 
increase market shares.   Whilst taxation policy tends to be decided nationally, other fiscal and 
non-fiscal incentives can be applied at the regional or local level. These include exemptions from 
parking and toll charges, and reduced parking restrictions.   

 In general, new automotive technologies are introduced at the luxury end of the market before 
filtering down over time.  The EV market has been different because these vehicles are generally 
replacing smaller and cheaper cars. Purchasers in this market may be less willing to risk 
purchasing unknown technology than at the upper end.  This may change, however, with the 
launch of the first premium mass market EV.  The Tesla Model S can accelerate from 0-60 mph in 
4.2 seconds and became Norway’s top selling car at the end of 2013.   

 The new electric taxi fleet introduced in Barcelona comprises vehicles with a range of 300 km in 
urban driving conditions and a recharge time of 2 h, but costs reach around 50,000€, whereas the 
prices of diesel vehicles used as taxis may reach as low as 15,000 €. 

 Electric and gas vehicles require an appropriate charging/fuelling infrastructure. This exists for gas 
vehicles in Germany and Italy, is growing for EVs across France, but both the EV charging and gas 
fuelling infrastructure outside these countries needs further development.  Standardised private 
charging points are required for both private (home and workplace) and public recharging, and 
fast charging stations are necessary at motorway service stations, in public car parks, and at 
selected major road junctions.    

 New systems for charging for electricity are being developed.  However, roaming systems, similar 
to mobile phones systems, for charging for the electricity used at public charging points, need to 
be developed. In addition, motorists should be able to pay directly for electricity at the charging 
point.  

 Electric motorcycles and scooters are relatively cheap, and require relatively short charging 
periods, the electrification of the two wheeler fleet might be a good option for specific southern 
European cities, where these vehicles may account for 30% of the fleet as occurs in Barcelona. 

 While local governments can provide incentives such as use of bus lanes and access to restricted 
areas, preferential parking spaces and/or free or reduced parking rates, in most countries these 
measures are unlikely to be sufficient to result in a significant increase in EVs, or PHEVs until the 
initial vehicle cost is reduced thorough tax incentives or direct subsidies.  
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Eco-labels 

 An appropriate eco-label for passenger cars and light duty commercial vehicles could be a useful 
tool to influence consumer choice. The EU eco-label for domestic appliances has been very 
successful, with good consumer recognition and understanding, and industry responding by 
improving product energy efficiency.  Conversely, the effectiveness of the car CO2 label is less 
clear as Member States introduced other CO2 policy measures at the same time, and different 
labels are used in different countries, and in some countries there is no standard label at all. 

 There is little evidence that consumers consider the environmental impact during the vehicle 
purchase decision, and they are more likely to respond to safety and reliability than to low 
emissions.  Fuel costs are a much more important consideration than CO2 emissions.  Research 
suggests that motorists consider that vehicle emissions are well regulated and that all vehicles 
meeting the same Euro standard have similar emissions. Research undertaken in the US, however, 
suggests that if the label is accompanied by a public education campaign, emissions can influence 
consumers’ purchase decision; however it needs to be undertaken consistently over a long period 
(Teisl, 2008). 

 The following is a summary of the recommendations for a proposed eco-label designed to 
influence consumer purchase decisions to improve air quality as well climate change.   

- A separate label for passenger cars and light commercial vehicles, and possibly two wheeled 
vehicles. 

- To include new and used vehicles. 

- To take account of NOx, PM and CO2 emissions, with no weighting in favour of a single 
pollutant. 

- To take account of the difference between type approval and real-world emissions using 
average factors for different fuel/technology types.  

- The ‘well to tank’ emissions to be used to enable internal combustion engines and electric 
vehicles to be compared on a similar basis.  

- The label should be based on the domestic appliances label using an A to G rating with 
additional information on running costs. 

- The criteria need to be updated on an annual basis by allocating a fixed percentage of models 
to each band. 

- Long term public education is required to support the eco-label. 

- The same eco-label should be used across the EU to establish consumer recognition. 

Road cleaning and dust suppressants 

 There is evidence that street washing, either alone or in combination with sweeping, can reduce 
ambient PM10 concentrations, but only where road dust loadings are particularly high due to the 
use of winter tyres/sanding or near to industrial sources/construction sites or in dry regions (as 
the Mediterranean area) where road surface moisture is lower.  This may be due to the water 
reducing the release of PM10 into the air rather than removing dust from the road surface.  
Sweeping on its own seems to have little effect. 

 Dust suppressants applied to road surfaces have also been shown to be effective at reducing 
ambient PM10 concentrations only in northern and central Europe.  The use of dust suppressants 
on unpaved roads is more effective than on paved roads in terms of the PM10 emission reduction 
potential.  However, AIRUSE has undertaken the first studies of the efficacy of dust suppressants 
applied to an urban road and an unpaved road in the Mediterranean region, and found no 
evidence of an effect. The high solar radiation may reduce the efficiency of dust suppressants on 
paved or unpaved roads.  
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9. PROPOSED MEASURES TO IMPROVE URBAN AIR QUALITY IN SOUTHERN EUROPEAN 
CITIES ACCORDING AIRUSE RESULTS 

Barcelona 

According to our AIRUSE results, road traffic is clearly the main source of PM10 and the second most 
important for PM2.5 (only smaller than secondary sulphate, which has an important regional 
contribution). It is therefore evident that future efforts from air quality plans for the city of Barcelona 
must focus on the road traffic sector (Table 4), other local sources being of less importance, such as 
metallurgy, heavy oil combustion and urban works, or negligible, such as power generation and 
biomass combustion, the latter however being important in some villages of the Protection Area 2 of 
Barcelona due to domestic heating. The high penetration of natural gas in the domestic and 
residential heating of Barcelona accounts for a relatively low contribution of this source to PM levels. 
Furthermore the 2007-2010 AQ Plan banned the use of fuels for power generation other than natural 
gas in and around the city of Barcelona. Since there was an oil combustion source detected in our 
study, it should be attributed near exclusively to shipping emissions. Finally we would like to highlight 
the large effort made by the public transport company that has achieved a bus fleet made by 39% of 
natural gas buses, 43% buses retrofitted with SCRT, and 8% hybrid buses. Based on the PM speciation 
and source apportionment results and on the measures already implemented, AIRUSE has therefore 
selected two main categories of mitigation measures: priority (red color in Table 4, for road traffic, 
mainly private traffic) and ancillary (orange color, for other local sources such as metallurgy, heavy oil 
combustion and urban works). Moreover AIRUSE encourages horizontal (or inter-sectorial) measures 
which will have a medium-long-term beneficial effect on air quality. 

 
Florence 

Road traffic is clearly the main local source of PM10 and PM2.5 in Florence according the source 
apportionment analysis, but during the most polluted days also biomass burning plays a relevant role 
(in the last years the use of biomass burning for domestic heating is continuously increasing). It is 
therefore evident that mitigation measures must focus on the transport sector and on domestic 
heating systems by biomass burning (Table 5). Another important contribution is due to non-traffic 
secondary particles (which have also a regional origin). Other sources are less important (such as 
urban works and heavy oil combustion).  Based on the PM speciation and source apportionment 
results and on the measures already implemented, AIRUSE has therefore selected three main 
categories of mitigation measures: priority (red color in Table 5, mainly for road traffic and biomass 
burning) medium-priority (orange color) and ancillary (green colour). Moreover AIRUSE encourages 
horizontal (or inter-sectorial) measures which will have a medium-long-term beneficial effect on air 
quality. 

Athens 
Measures of traffic management and emission reductions from vehicles in Athens are already in 
place but must be intensified. These already included an age limit of 23 years, which has been 
implemented for all urban, semi-urban and long distance buses. Also the limit of 11 years was set as 
the higher permissible age for buses in public transport. Under the provisions of the same law, 
economic incentives were given in the owners for the replacement of vehicles with new or used 
vehicles of small age. Of the 5000 semi-urban and long distance buses licensed in Greece, 1846 buses 
have been replaced since 2004, of which 1746 with new and 100 with used of age lower than 5 years. 
Table 6 summarises the measures proposed by AIRUSE for Athens based on PM speciation and 
source apportionment obtained in 2013 at ATH-SUB site. 
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Porto 
According to the AIRUSE results, measures for PM2.5/PM10 should especially focus on the traffic and 
biomass combustion sectors because they represent the major emission sources. However, the 
industrial sector should not be forgotten. These measures fall into two types: (a) Municipal, achieved 
largely by local government, (b) Supra-municipal, often involving the central administration and 
covering several municipalities. Table 7 summarizes some of the measures that can be adopted to 
reduce air pollution levels. These measures were prioritized according to a colour scale, from red 
(highest priority) to yellow (lowest priority), depending on the source strength and on type of 
measure (municipal or supra-municipal). A meeting with CCDR-N to discuss AIRUSE results and 
mitigation measures was already agreed, which should take place before summer 2015. 

Milan  
According to our AIRUSE results, and to the emission inventories, road traffic is clearly the main 
source of PM10 and PM2.5, followed by biomass burning and secondary particles, which have an 
important regional contribution. It is therefore evident that future efforts from air quality plans for 
the city of Milan must focus on the road traffic sector, and on biomass burning. To reduce the 
contribution of the secondary particles, attention must focus on primary sources that are mainly in 
agriculture sectors, road traffic, biomass burning, and also industrial sectors, already under effective 
control of their PM primary emissions. For several years, as the problem was recognised, regional AQ 
plans were developed, and the latter are the PRIA 2013-2020 (Regional measures plan for the Air 
Quality). The application of those measures has led to a gradual improvement in the AQ but further 
efforts are still being made. 

AIRUSE has therefore selected two main categories of mitigation measures (Tables 5-9): priority (for 
road traffic, biomass burning and precursors of secondary particles) and ancillary (for other local 
sources). Moreover AIRUSE encourages horizontal (or inter-sectorial) measures which will have a 
medium-long-term beneficial effect on air quality. 
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Table 4. Measures and priority degree proposed by AIRUSE for Barcelona based on PM speciation and source apportionment obtained in 2013 at BCN-UB. 

Sector Measure Competence Description Priority 

Road traffic  
 
31% of PM10: 
Exhaust 14% 
Non-exhaust 11% 
Nitrate 6% 
 
26% of PM2.5: 
Exhaust 20% 
Non-exhaust 1% 
Nitrate 5% 

Restriction to the city 
centre entrance 

Local Limit the access of vehicles to the city centre of municipalities with >100,000 inhabitants. Barcelona has one of the highest 
car densities (per km

2
) in Europe 

 

Lowering number of cars 
in the urban areas 

Local Implementation of measures that attribute a direct fee to a car entering the city, such as road and congestion charges 
Restrict vehicle circulation to neighbourhoods in specific areas of the city 

 

Low emission zones (LEZ) National and local Adopting a national labelling scheme to enforce local emission-related traffic restrictions. Already applied in 220 EU cities. 
In Berlin a 58% reduction of exhaust particle emissions was achieved 

 

BUS-HVO lanes Local This measure will reduce private vehicles entering the city from the province. We recommend to convert one existing lane 
to BUS-VAO 

 

Parking and ride Local Creation of 4-5 new strategic parking lots at main transport interfaces (train and metro stations) at the outskirts of the city 
in order to promote the combined use of car and public transport. 
High charges for parking in the city centre for non-residents and low charges for eco-cars 

 

Street cleaning Local Tandem use of sweeping and, more importantly, water washing. It is effective (7-10% on a daily basis) to reduce road dust 
emissions and must be performed before morning traffic rush hour (5-6 h am) and mostly during dry periods. It is specially 
recommended after African dust episodes or after >10 days without rain 

 

Pedestrians lanes and 
cycling paths 

Local Increase the city surface reserved for pedestrian and cyclists. Improvement in traffic planning for a shift in modal split from 
motor traffic towards public transport, cycling and pedestrian traffic 

 

Promoting low-carbon 
and low-NOx vehicles  
and diesel retrofit 

National and local  Reduce highway toll and parking fees for low emission vehicles (for NO2 and PM). Incentive for the installation of 
particle filters in heavy duty commercial vehicles. 

 Development of electric vehicle 

 Infrastructure. Barcelona has 30% of motorbikes in the fleet; the use of electric bikes may have a large influence in 
decreasing emissions. 

 

Improving public 
transportation 

Local  Continuous update and improvement for an economic, environmentally friendly and faster public transportation 
(metro, train, and tram) 

 Barcelona busses are already new and clean.  Spatial coverage and price need to be improved. 

 Intercity railway connection should be improved in the metropolitan area 

 

Renewal of 
car/taxi/motorcycle 
fleet. 

National  Subsidies and bonuses that either support the retrofitting of a vehicle, or the scrapping of it. 

 Increase the share of hybrid (now 11%) natural gas (now 6%) and LPG (now 6%) taxis 

 Promoting the replacement of 2-strokes motorcycles by 4 –strokes 

 Low-emission machinery (e.g., diesel particle filters and electric machinery) at urban works 

 

Improving public fleet Local The bus fleet of Barcelona already comprises 39% natural gas vehicles and 43% of SCRT-equipped diesel. This example 
should be followed by the villages of the metropolitan area, mostly for the buses entering Barcelona 

 

Reducing pricing of 
public transport 

National and local  Income tax return by accumulating public transportation bonds to make public transport more economically 
attractive 

 Free tickets for public transport during anticyclonic pollution episodes 

 

Reducing road 
transportation for goods  

National and local Creating a train-harbour interface for transport of goods, which is currently carried by trucks  
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Vehicle and road 
maintenance 
 

National and local  Increase the frequency of inspection programmes of public vehicles to ensure that in-use engines continue to have 
functional controls and proper maintenance 

 Maintaining roads in good repair to reduce the contribution of PM from road surface wear 

 

Car-sharing Local Reduce single-occupancy car journeys by promoting car sharing, linking car sharing to public transport services and cycling  
Awareness National Integration of mobility awareness into school curricula  

Other sources 
 

Shipping/heavy 
oil combustion 
4% of PM10 
5% of PM2.5 

Stricter legislation for 
harbour  

National and local Use of plug-in shore power; Permission to dock in Barcelona harbour only given to vessel with engines operating with low 
sulphur fuel; Best available technologies applied to marine ship flue gas must be required; alternative at-dock technologies 
(like channelling exhaust through barge-mounted control devices) 

 

Industrial 
11% of PM10 
12% of PM2.5 

Industrial facilities Local Impose high standards for fuels and BATs (channelled and fugitive emissions) increase inspections to facilities  

Precursors of 
secondary 
particles 

Reduce NH3 emissions Local Application of the "guidelines" for regional containment of ammonia resulting from agricultural, livestock and waste 
practices. 

 

Urban works 
/Mineral 
11% of PM10 
6% of PM2.5 
 
 

Water spraying Local Apply water during construction, operations (earthmoving, demolition, grading)  
Storage and handling of 
dusty materials 

Local Cover bulk material during storage; Covering the cargo beds of haul trucks with a tarp or other suitable closure to minimise 
wind-blown dust emissions and spillage; green curtains in areas with high diffusive dust emissions; reduction of vehicle 
speed and eco-driving test for workers.  

 

Unpaved areas Local Apply water and/or nano-polymers or pave unpaved parking lots or roads; Set additional control requirements for unpaved 
roads (e.g. vegetating, adopting speed limits). 

 

Biomass burning  
 
<3% of PM2.5 
(measures to 
prevent future 
impact) 

Biomass combustion use Local Communication campaign through the media and dissemination of "best practices". Central theme: the improper use of 
firewood in small household systems involves a number of negative effects on the environment and health. The practical 
suggestions relate to the choice of the type of plant and wood, the need for proper installation and maintenance and 
monitoring of the adequacy of combustion. 

 

Biomass combustion 
regulations 
 

 
National and local 

Energy and emission classification for biomass burning appliances. Rules for new systems installation and for proper 
maintenance. Census of domestic plants using wood for heating (including existing ones) in order to contain emissions. In 
2015, following the introduction of the classes of emission, regulate the use of equipment characterised by high emissions. 

 

Reduction of low 
efficiency wood burning 
for residential heating 

Local Information material and training  to discourage citizens from this inefficient form of energy are needed 
 

 

Open biomass burning Local Regulatory for open burning activities with particular reference to agriculture, forestry and construction. In general, it is 
forbidden but the regional government allows them with some restrictions and conditions. 

 

Inter-sectorial Environmental education 
and awareness raising 

Local Communication campaigns through the media and dissemination of "best practices" should be promoted in order to raise 
awareness of the population on the opportunity of the previous measures. 
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Table 5. Measures and priority degree proposed by AIRUSE for Florence based on PM speciation and source apportionment obtained in 2013 at FI-UB. 

Sector Measure Competence Description Priority 

Road traffic  
 
29% of PM10: 
Exhaust 13% 
Non-exhaust 10% 
Nitrate 6% 
 
28% of PM2.5: 
Exhaust 18% 
Non-exhaust 2% 
Nitrate 8% 
 

Improving car and public 
transport fleet 

National and local Facilitate the replacement of vehicles <Euro 3 diesel with Euro 6 adopting restrictions on their movement and/or 
subsidies. Prohibition on movement for <Euro 2 diesel. Promotion of the LPG, hybrid engine and electric vehicles. 
Incentive to the installation of particle filters in heavy duty commercial vehicles. Promoting the replacement of 2-
strokes motorcycles by 4 –strokes. Upgrading of vehicles for public transportation with the introduction of high 
environmental standards 
 

 

Low emission zones (LEZ) Local Compulsory establishment of LEZ in all municipalities with > 15000 inhabitants 
 

 

Improving public 
transportation 

National and local Continuous update and improvement for an economic, environmentally friendly and faster public transportation (train, 
bus and tram).  Reduction of congestion delays by using bus lanes 

 

Local Increase the number of routes and frequency of service, in order to reduce waiting and  exchange times  

Local Regular inspection programmes for public vehicles for improved maintenance  

Local Make public transport more appealing (reduced crowding, better seats, cleaner vehicles, on-board internet access and 
other amenities). More efficient user information through signs, websites and mobile telephone applications that 
provide information on transit routes, fares and real-time vehicle arrival predictions 
 

 

Random tests on vehicle 
emissions 

Local Random tests on vehicles (mainly diesel trucks) to ensure that smoke emissions are within acceptable limits  

 
Mobility card Local Improve the public transport system. Incentives to alternative mobility with a prepaid "Mobility Card" for public 

transport 
 

Lowering number of cars 
in the urban areas 

Local Implementation of measures that attribute a direct fee to a car entering the city, such as road and congestion charges 
Restrict vehicle circulation to neighbourhoods in specific areas of the city 

 

Parking Local New strategic parking lots at main transport interfaces (train, bus and tram stations) at the outskirts of the city in order 
to promote the combined use of car and public transport. High charges for parking in the city center for non residents  
and cheap charges for eco-cars 

 

Cycling paths and 
pedestrian lanes 

Local Facilitating alternative mobility by the construction of new cycling paths and the increase of the city surface reserved for 
pedestrians. Develop cycle parking and changing facilities; Develop cycle sharing programmes; improved connectivity to 
public transport 

 

Car-sharing Local Reduce single-occupancy car journeys by promoting car sharing with a proper connection to public transport services 
and cycling 

 

Lowering traffic speed Local Reduction of traffic speed on specific roads to reduce congestion and emissions from stop-and-go traffic  

Awareness National Integration of mobility awareness into school curricula  
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Biomass Burning 
 
16% of PM10 
 
21% of PM2.5 
 
(30% of PM10 
and 32% of 
PM2.5 during 
high pollution 
episodes) 

Biomass burning 
regulations 

Local Rules for new systems installation and for proper maintenance. Mandatory certification of residential combustion 
equipment. Census of domestic heating systems using wood for heating. Regulation for the use of equipment 
characterised by high emissions. Regulatory program to ban or restrict some wood burning devices in new homes, 
create financial incentives for old stove replacement, obligation to substitute old stoves upon re-sale of a house with 
energy efficient and emission controlled devices 

 

Local Updating of the regulations regarding the installation of biomass burning plants for energy production. The use of 
biomass for energy production must be steered towards producing heat, favouring the use of heat in the district heating 
network. Prohibition of the use of chimneys and wood stoves (when they are not the only heating system) during 
stagnant meteorological periods 

 

Biomass burning use Local Communication campaign through the media (web, radio, TV, newspapers) and dissemination of "best practices". 
Central theme: the improper use of firewood in small household systems involves a number of negative effects on the 
environment and health (including indoor air pollution) that, otherwise, may be at least partially contained by the 
correct use of biomass leading to a reduction in fuel consumption, lower emissions and increased safety in the home. 
The practical suggestions relate to the choice of the type of plant and wood, the need for proper installation and 
maintenance and monitoring of the adequacy of combustion. Educational programmes (what to burn, how to burn, 
choosing the right appliance) 

 

Open biomass burning Local Because of the generalised practice of agricultural biomass burning regulations for open burning activities with 
particular reference to agriculture and forestry are necessary 
Development of a system for collecting firewood from to feed small controlled biomass heating plants 

 

Reduction of low 
efficiency wood burning 
for residential heating 

Local Information material and training  to discourage citizens from the use of low efficiency wood are needed 
 

 

Secondary 
particles 
 
27% of PM10 
 
31% of PM2.5 
 

Reduction of secondary 
sulphates precursors 
(SOx, NH3 and H2S) 

Local Promote the conversion of oil burning power plants to gas power plants. Control of H2S emissions from geothermal 
powered plants and obligation to install AMIS plants 

 

Reduce NH3 emissions Local Application of "guidelines" for regional containment of ammonia resulting from agricultural, livestock and waste 
practices. 

 

NOx reduction Local Introduction of a centralized system in buildings with more than 5 units. Favour the extensive use of valves for heat 
metering in each residential building. 

 

Local dust 
/Urban works 
 
12% of PM10 
1% of PM2.5 

Water spraying Local Apply water during construction, operations (earthmoving, demolition, grading)  
Storage and handling of 
dusty materials 

Local Cover bulk material during storage; Covering the cargo beds of haul trucks with a suitable closure to minimise wind-
blown dust emissions and spillage; green curtains in areas with high diffusive dust emissions; reduction of vehicle speed 

 

Unpaved areas Local Apply water, nano-polymers, gravel, or pave unpaved parking lots or roads; Set additional control requirements for 
unpaved roads (e.g. vegetating, adopting speed limits) 

 

Inter-sectorial Environmental education 
and awareness raising 

Local Communication campaigns through the media and dissemination of "best practices" should be promoted in order to 
sensitise population on the opportunity of the previous measures. Integration of mobility awareness into school 
curricula 
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Table 6. Measures and priority degree proposed by AIRUSE for Athens based on PM speciation and source apportionment obtained in 2013 at ATH-SUB. 

Sector Measure Competence Description Priority 

 
Road traffic  
 
22% of PM10: 
Exhaust 10% 
Non-exhaust 
8% 
Nitrate 4% 
 
22% of PM2.5: 
Exhaust 15% 
Non-exhaust 
5% 
Nitrate 2% 

Low emission zones (LEZ) National and local Expand and prioritise the recently (2012) implemented unlimited  access for electric and hybrid low emission cars in the 
so called “green ring”, where regular vehicles are entering depending on odd/even days with respect to their number 
plate last digit.  

 

Parking  Local Creation of large parking lots at main transport interfaces (train and metro stations) at the outskirts of the city (park 
and ride system) with incentives (low fares) in order to promote the combined use of car and public transport. 

 

Street cleaning Local  Tandem use of sweeping and, more importantly, water washing, especially during dry periods of the year and 
when African dust episodes are forecasted. It is evident in Athens that non exhaust traffic emissions lead to a 
major part of the coarse fraction of road dust that can be removed by street cleaning. 

 Street cleaning should be performed at the early morning, just before rush traffic hours and is specially 
indicated after African episodes 

 

Promoting low-carbon 
and low-NOx vehicles and 
new technology vehicles 

National and local Implement further reductions in Road Tax and Import Tax for low emission vehicles (for NO2 and PM). Incentives to 

withdraw aged private vehicles and replacement with modern (E5/E6) vehicles. Installation of particle filters on heavy 
duty commercial vehicles. 

 

Expand  public transport 
network 

Local Continuous expansion of Metro lines (currently only 3) and improvement of Public Bus Network for a resource , 
environmentally friendly and faster public transportation (metro, train, and tram)  

 

Cycling paths and 
pedestrian lanes 

Local Facilitating alternative mobility by the construction of new cycling paths and the increase of the city surface reserved 
for pedestrians. Develop cycle parking and changing facilities; Develop cycle sharing programmes; improved 
connectivity to public transport 

 

Lowering number of cars 
in the urban areas 

Local Implementation of measures that attribute a direct fee to a car entering the city, such as road and congestion charges 
Restrict vehicle circulation to neighborhoods in specific areas of the city 

 

Reducing road 
transportation for goods 

National and local Creating a terminal outside the Athens Metropolitan Area serviced by rail line to the Pireaus harbour while currently 
trucks travel for 50 km within the central axis of the Athens Metropolitan Area. 

 

Renewal of 
car/taxi/motorcycle fleet. 

National Subsidies and for increasing the share of hybrid, natural gas and LPG taxis. 
Promoting the replacement of 2-strokes motorcycles by 4 –strokes. 

 

Reduced fares of public 
transport 

National and local Reduced fares for public transport during intensive Sahara dust intrusions or forecasted intense pollution episodes  

Improving public fleet Local Increase the share of natural gas buses (currently at 35%). Enforce the measure of withdraw of old technology urban 
and regional buses 

 

Vehicle and road 
maintenance 
 

National and local  Increase the frequency of inspection programmes to public vehicles to ensure that in-use engines continue to 
have functional controls and proper maintenance. 

 Maintaining roads in good repair to reduce the contribution of PM from 

 road surface wear; 

 

Combat the illegal trade of 
adulterated fuel  

National and local Incidents of adulterated fuel circulation and use is still common in the Athens Metropolitan area and at National scale. 
Continuous controls are needed to eliminate this phenomenon 
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 Awareness National Integration of mobility awareness into school curricula  

Shipping/heavy 
oil combustion 
4% of PM10 
7% of PM2.5 

Stricter legislation for 
industrial heavy fuel oil 
users 

Local Monitor with inspection checks the fuel efficiency of burners, boilers and power generators of small and medium scale 
industries operating machinery using heavy fuel oil 

 

Industrial facilities Local Impose high standards for fuels and increase inspections to facilities. To update industrial activities inventory and to 
carry out a proper quantification. 

 

Stricter legislation for 
harbour  

National and local Docking at the Piraeus harbour is only permitted to vessel with engines operating with low sulphur content. These rules 
need to be enforced and monitored  

 

Precursors of 
secondary 
particles 
Sulphate: 
20% of PM10 
33% of PM2.5 
Nitrate (non-
traffic): 
10% of PM10 
4% of PM2.5 

Large Industry using fossil 
fuel for power generation 
or other industries 

Local  The introduction of natural gas in the national energy system is one of the largest investments ever carried 
out in Greece and it constitutes a major priority of the national energy policy. An important part of the 
infrastructure, mainly the high pressure transmission system and the medium pressure network, which is 
necessary for the transport of natural gas to the main regions of consumption, has been completed,  

 Expansion projects of Greek natural gas system are under way in order to link more cities and industries to 
the system (e.g Aliveri, Megalopolis, etc). Moreover, in the areas connected to the natural gas network, 
natural gas stations for feeding CNG vehicles have been created. 

 The high levels observed across Athens and in the whole of the country may be partly due to long range 
transport of secondary pollutants or gaseous precursors from outside Greece. 

 This is an area where policy makers must intensify efforts for resolving problems of transboundary pollution 
in Europe. 

 

Reduce NH3 emissions Local  Application of "guidelines" for regional containment of ammonia resulting from agricultural, livestock and 
waste practices. 

 

Biomass 
burning 
 
7% of PM10 
 
10% of PM2.5 
 

Biomass combustion use Local  Communication campaign through the media and dissemination of "best practices". Central theme: the 
improper use of firewood in small household systems involves a number of negative effects on the 
environment and health. The practical suggestions relate to the choice of the type of plant and wood, the 
need for proper installation and maintenance and monitoring of the adequacy of combustion. 

 

Biomass combustion 
regulations 
 

 
National and local 

 Energy and emission classification for biomass burning appliances. Rules for new systems installation and for 
proper maintenance. Mandatory certification of residential combustion equipment. Census of domestic 
heating systems using wood for heating. Regulation for the use of equipment characterised by high emissions. 
Regulatory program to ban or restrict some wood burning devices in new homes, create financial incentives 
for old stove replacement, obligation to substitute old stoves upon re-sale of a house with energy efficient 
and emission controlled devices 

 

Reduction of low 
efficiency wood burning 
for residential heating  

Local  High price of diesel for residential heating during the economic crisis lead to the use of wood in a large scale 
in the densely populated areas of Athens leading to high pollution episodes during stagnation periods in 
winter  
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 Information material and training  to discourage citizens from this inefficient form of energy are needed 

 Introduction of natural gas and Renewable energy Sources 

 Improvement of the thermal behavior of residential buildings Promotion of energy efficiency appliances and 
heating equipment 

 News bulletins advising for reduction in wood burning during forecasted atmospheric stagnation periods  

 Open biomass burning Local  Regulatory for open burning activities with particular reference to agriculture, forestry and construction. In 
general, it is forbidden but the regional government allows them with some restrictions and conditions. 

 

Urban works 
10% of PM10 
4% of PM2.5 

Storage and handling of 
dusty materials  

Local  Cover stock piles of bulk material during storage; 

 Covering the cargo beds of haul trucks with suitable covers to minimise wind-blown dust emissions; 

 Apply green curtains in areas with high fugitive dust emissions 

 

Inter-sectorial Environmental education 
and awareness raising 

Local Communication campaigns through the media and dissemination of "best practices" should be favored in order to 
sensitise population on the opportunity of the previous measures. 
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Table 7. Measures and priority degree suggested by AIRUSE for Porto based on PM speciation and source apportionment obtained in 2013 at POR-TR. 

Sector Measure Competence Description Priority 

Road traffic  
 
PM10: 36% 
Exhaust 23% 
Non-exhaust 
9% 
Nitrate 4% 
  
PM2.5: 39% 
Exhaust 31% 
Non-exhaust 
5% 
Nitrate 3% 

Improving private fleet National and local Support initiates of urban electric mobility; increase the share of electric vehicles, reduce the diesel share  

Local Introduction of high environmental standards when purchasing municipal vehicles  

National Subsidies and bonuses that either support the retrofitting of a vehicle, the scrapping of it or simply the transition to a new 
form of mobility; Voluntary accelerated vehicle retirement programmes (also referred to as scrap, clunker, or old vehicle 
buy-back programmes); Create a grant programme to co-finance the extra cost of replacing in-use diesel equipment and 
engines by retrofitting with certified technology or by purchasing new cleaner diesel engines or engines powered by 
alternative fuels or electricity. 

 

Lowering number of cars 
in the urban areas 

Local Implementation of measures that attribute direct price to a car entering the city, such as road and congestion charges  

 Restrict vehicle circulation to neighbourhoods in specific areas of the city  

Low emission zones (LEZ) Local Compulsory establishment of LEZ in all municipalities with > 15000 inhabitants.  

Improving public 
transportation 

National and local Continuous update and improvement for an economic, environmentally friendly and faster public transportation (train and 
tram).  Reduction of congestion delays by using bus lanes.  

 

National and local Technical improvements of the bus fleet (diesel filter and LPG engines), renewal of the municipal solid waste management 
fleet; improving resource efficiency by reducing fuel consumption and adopting fuel efficient technologies; achieving 
cleaner transport through cleaner diesel vehicles and cleaner forms of commuting 

 

Local Increase the number of routes and frequency of service, in order to reduce waiting and  exchange times, expand the 
motorised transport 

 

Local Make public transport more appealing (reduced crowding, better seats, cleaner vehicles, on-board internet access and 
other amenities). More efficient user information through signs, websites and mobile telephone applications that provide 
information on transit routes, fares and real-time vehicle arrival predictions 

 

Local Developing more integrated and seamless connections between bus/metro/train and parking  

Local Improved stops and stations, including shelter (enclosed waiting areas with heating in winter and cooling in summer), 
seating, washrooms, refreshments, Internet services, and other convenience features. This is a particularly important type 
of improvement in stations or stops where passenger traffic volumes often exceed the site design capacity. 

 

Local Regular inspection programmes for public vehicles for a proper maintenance  

Local Services targeting particular travel needs, such as express commuter buses, special event services and various types of 
shuttle services 

 

Random tests on vehicle 
emissions 

Local Random tests on vehicles (mainly diesel trucks) to ensure that smoke emissions are within acceptable limits.  

Improve parking 
management 

Local Improved parking management with a focus on peak-hour pricing; restricting parking in the city centre with application of 
differential fees. High fares for parking in the city center for non residents  and cheap fares for eco-cars 

 

Car-sharing Local Reduce single-occupancy car journeys by promoting car sharing with proper connection to public transport and cycling  

Cycling paths and 
pedestrian lanes 

Local Facilitating alternative mobility by the construction of new cycling paths and the increase of city surface for pedestrian. 
Develop bike parking and changing facilities; Develop bike sharing programmes; improved connectivity to public transport 

 

New park & ride Local New strategic parking lots at main transport interfaces (train, bus and tram stations) at the outskirts of the city in order to 
promote the combined use of car and public transport 
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 Awareness National Integration of mobility awareness into school curricula  

Biomass 
Burning 
 
PM10: 12% 
PM2.5: 18% 

Smoke from Wood-
Burning Fireplaces and 
Heaters 

National and 
Local 

 Mandatory certification of biofuel and residential combustion equipment 

 Educational programmes (what to burn, how to burn, choosing the right appliance) 

 Regulatory programme to ban or restrict some wood burning devices in new homes,  

 Allow installation of only certified wood burning appliances 

 Replace non-certified units upon property sale (removal of old stoves upon re-sale of a home); 

 Weatherization incentives 

 Financial incentives for old wood stove and fireplace change outs 

 Consider the possibility of enforceable emission reduction programme (mandatory opacity standard) 

 Establish a public awareness programme 

 Set a voluntary curtailment during periods with predicted high PM levels (or update to mandatory) 

 

National and 
Local 

 Prohibit burning of materials not intended for use in wood-burning appliances 

 Regulate moisture and ash content of wood 

 

Biomass burning use Local Communication campaign through the media (web, radio, TV, newspapers) and dissemination of "best practices". Central 
theme: the improper use of firewood in small household systems involves a number of negative effects on the environment 
and health (including indoor air pollution) that, otherwise, may be at least partially contained by the correct use of biomass 
leading to a reduction in fuel consumption, lower emissions and increased safety in the home. The practical suggestions 
relate to the choice of the type of plant and wood, the need for proper installation and maintenance and monitoring of the 
adequacy of combustion. Educational programmes (what to burn, how to burn, choosing the right appliance) 

 

Open biomass burning Local  Because of the generalised practice of agricultural biomass burning regulatory for open burning activities with 
particular reference to agriculture and forestry is necessary 

 Development of a system for collecting firewood from to feed small controlled biomass heating plants. Create specific 
solid waste management programmes for garden and agriculture residues 

 More strict regulatory programmes and effective inspection applied to open biomass burning; Mandatory curtailment 

 -Requirements for a burn authorization system, 

 -Requirements for smoke management plans by prescribed burners 

 -Requirements for burn, no burn, and marginal burn days 

 

 Wild fires National and 
Local 

 Conception of a national plan of prevention and defence of the forest against fires 

 Incentives that promote effective cleaning of forests 

 

Heavy oil + 
secondary 
PM10: 10% 
PM2.5: 13% 

Reduction of secondary 
sulphates precursors (SOx 
and NH3) 

Local  Promote the reconversion of oil burning power plants to gas power plants.  

 Enhanced surveillance of stationary sources 

 Survey of emission reduction systems in the industries of the Northern Region 

 Publication of a legal diploma with new emission limit values (ELV) for stationary sources 

 Permission to dock in Leixões harbour only given to vessel with engines operating with low sulphur content; Best 
available technologies applied to marine ship flue gas must be required; use of plug-in shore power; alternative at-
dock technologies (like channelling exhaust through barge-mounted control devices) 

 

Reduce NH3 emissions Local Application of "guidelines" for regional containment of ammonia resulting from agricultural, zootechnics and waste 
practices. 
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NOx reduction Local Introduction of the centralised system in buildings with more than 5 units. Favour the extensive use of valves for heat 
metering in each house. 

 

Local dust 
/Urban 
works 
 
PM10: 18% 
PM2.5: 16% 

Street flushing and 
washing 

Local Increase the frequency and/or the number of streets and sidewalks subjected to washing  

Water spraying Local Apply water during construction, operations (earthmoving, demolition, grading)  

Storage and handling of 
dusty materials 

Local Cover bulk material during storage; Covering the cargo beds of haul trucks with a suitable closure to minimise wind-blown 
dust emissions and spillage; green curtains in areas with high diffusive dust emissions; reduction of vehicle speed.  

 

Unpaved areas Local Apply water, nano-polymers, gravel, or pave unpaved parking lots or roads; Set additional control requirements for 
unpaved roads (e.g. vegetating, adopting speed limits). 

 

Other 
sources 

Commercial charbroiling Local Set requirements for commercial charbroiling operations (e.g., emission control device)  

Inter-
sectorial 

Environmental education 
and awareness raising 

Local Communication campaigns through the media and dissemination of "best practices" should be favoured in order to 
sensitise population on the opportunity of the previous measures. Integration of mobility awareness into school curricula 
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Table 8. Measures and priority degree proposed by AIRUSE for Milan based on PM speciation and source apportionment obtained in 2013 at MLN-UB. 

Sector Measure Competence Description Priority 

 
 
Road traffic  
 
30% of PM10: 
Exhaust 7% 
Non-exhaust 9% 
Nitrate 14% 
 
 
29% of PM2.5: 
Exhaust 6% 
Non-exhaust 9% 
Nitrate 14% 

Low emission zones (LEZ) National and local Adopting a national labelling scheme to enforce local emission-related traffic restrictions. Already applied in 220 EU 
cities. In Berlin a 58% reduction of exhaust particle emissions was achieved 
 

 

Restrictions to entering 
the city centre 

Local Access to urban centre limited for vehicles in municipalities > 40000 inhabitants  

Lowering number of cars 
in the urban areas 

Local Implementation of measures that attribute a direct price to a car entering the city, such as road and congestion 
charges 
Restrict vehicle circulation to neighbourhoods in specific areas of the city 

 

Transport (private and 
public) 

Local Facilitate the replacement of vehicles <Euro 3 diesel with Euro 6 adopting restrictions on their movement. 
Prohibition on movement for <Euro 2 diesel since 2015. Promotion of the LPG and hybrid engine vehicles. 
 

 

Support for cyclists 
 

Local Increase the city surface reserved for cyclists. Improvement in traffic planning for a shift in modal split from motor 
traffic towards public transport, cycling and pedestrian traffic 
 

 

Improving public 
transportation 

Local Continuous update and improvement for an economic, environmentally friendly and faster public transportation 
(metro, train, and tram) 

 

Cycling paths and 
pedestrian lanes 

Local Facilitating alternative mobility by the construction of new cycling paths and the increase of the city surface destined 
to pedestrian. Develop bike parking and changing facilities; Develop bike sharing programmes; improved connectivity 
to public transport 

 

Promoting low-carbon 
and low-NOx vehicles  and 
diesel retrofit 

National and local Incentive to the installation of particle filters in heavy duty commercial vehicles. 
Development of electric vehicle Infrastructure. 

 

Reducing road 
transportation for goods  

National and local Creating a train-harbor interface for transport of goods, which is currently carried out by trucks. Defining of a more 
sustainable logistic.  

 

Car-sharing and 
motorcycle-sharing 

Local Reduce single-occupancy car journeys by promoting car sharing, and suitable motorcycle sharing, linking car sharing 
to public transport services and cycling 

 

Mobility card Local Incentives to alternative mobility with a "Mobility Card" prepaid for the public transport system, through the 
destruction of an old and polluting vehicle. 

 
 

Promoting innovative 
fuels 

Local Development of studies on innovative fuels, such as dual-fuel systems.  

Vehicle and road 
maintenance 
 

National and local Control of the inspection programmes to public vehicles to ensure that in-use engines continue to have functional 
controls and proper maintenance. 
Maintaining roads in good repair to reduce the contribution of PM from 
road surface wear; 
 

 

 Awareness National Integration of mobility awareness into school curricula  
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Biomass burning 
 
24% of PM10 
21% of PM2.5 

Biomass combustion use Local Communication campaign through the media and dissemination of "best practices". Central theme: the improper 
use of firewood in small household systems involves a number of negative effects on the environment and health. 
The practical suggestions relate to the choice of the type of combustion system and wood, the need for proper 
installation and maintenance and monitoring of the adequacy of combustion. 

 

Biomass combustion 
regulations 

local Rules for new systems installation and for proper maintenance. Census of domestic installations using wood for 
heating (including existing ones) in order to contain emissions. In 2015, following the introduction of the classes of 
emission, regulate the use of equipment characterised by high emissions. 

 

Biomass combustion 
regulations 

National and local Energy and emission classification for biomass burning appliances.  

Open biomass burning Local Regulations for open burning activities with particular reference to agriculture, forestry and construction. In general, 
it is forbidden but the regional government allow them with some restrictions and conditions. 

 

Biomass combustion use Local Prohibition to use biomass burning in domestic heating for municipalities < 300m asl and with domestic plant 
efficiency less than 63% (by 2018 extension to the entire region). 

 

Biomass combustion 
regulations 

National and local Updating of the regulations regarding on the deployment of biomass burning plants for energy production. On the 
land, the use of biomass for energy production must be steered towards producing heat, favouring the use of heat in 
the district heating network. 

 

Other sources 
 

Precursors of 
secondary particles 
Secondary 
particles: 
19% of PM10 
25% of PM2.5 

Reduce NH3 emissions Local Application of the "guidelines" for regional containment of ammonia resulting from agricultural, livestock and waste 
practices. 

 

Industrial 
9% of PM10 
5% of PM2.5 

Industrial facilities Local Impose high standards for fuels and BATs (channelled and fugitive emissions), and increase inspections to facilities.   

Urban waste incineration  National and local Favour the extensive application of incinerator for domestic and industrial district heating. Introduction of target 
values and use of BATs in authorizations. 

 

Urban 
works/Mineral 
7% of PM10 
5% of PM2.5 
 

Water spraying Local Apply water during construction, operations (earthmoving, demolition, grading), within a radius of 500 m and at leat 
twice a day. Clean vehicle wheels leaving the site. 

 

Storage and handling of 
dusty materials 

Local Cover bulk material during storage; Covering the cargo beds of haul trucks with a tarp or other suitable closure to 
minimise wind-blown dust emissions and spillage; green curtains in areas with high diffusive dust emissions; 
reduction of vehicle speed and eco-driving test for workers.  

 

Inter-sectorial Environmental education 
and awareness raising 

Local Communication campaigns through the media and dissemination of "best practices" should be promoted in order to 
sensitise population on the opportunity of the previous measures. 
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